Apr. 7, 2020

(2013.01); GO6F 3/011

GO6T 19/006 (2013.01)

3

2

; A61B 90/10

A61B 34/20

GO6T 19/006

NTS

B
_1
A4 _7F

600/424

600/201

382/124

luding a stereot-

1ce 1n¢C

e

1

ded to sa

15 Provi

US 10,610,311 B2

3/011; A61N 1/0529; A61N 1/0534;
(Continued)

A61B 2017/00477; A61B 2090/365;
ABSTRACT

A61B 90/361; A61B 2017/00216; GO6F

1/2014 Charles .................. A61B 17/02
5/2014 Ballard .............. GO6K 9/00013

A6IN 1/0534
9/2001 Encsson et al.
7,313,430 B2* 12/2007 Urquhart ................ A61B 90/14

12/2010 Arn
rtual reality stimulus

References Cited

US010610311B2

U.S. PATENT DOCUM
1n a vi

2090/365 (2016.02)

(2013.01); A61B 2017/00477 (2013.01); A61B
(358) Field of Classification Search

. AG1B 34/25;

P
See application file for complete search history.

7,846,116 B2

2014/0005484 Al*

45) Date of Patent
6,283,977 Bl

(10) Patent No

2014/0133715 Al*
An add-on device for use 1n combination with a stereotactic

apparatus 1s herein disclosed, the dev
actic adapter, an optical support comprising lenses and a

display support adapted to accommodate a virtual reali
cognitive and/or behavioral tests in subjects during neuro-

larly intended for implementing a method for conducting
surgery, where

display. The stereotactic adapter can adapt to different
commercial models of stereotactic systems, and 1s particu-

(74) Attorney, Agent, or Firm — Andre Roland S.A.;

Primary Examiner — Catherine M Voorhees
Nikolaus Schibli

subject during awake phases of neurosurgery.

(56)

(57)

3

ien
ilippe

Fab
Ph

3

3

-Voltaire (FR)

Nyon (CH)
Carouge (CH)

)

)

)

)

)

)

)

)

-~
—
-~
—
-~
—
4
—
4
—
4
—
4
—
4
-

Jun. 13, 2019

3

Romont (CH)

(2016.0
(2006.0
(2016.0
(2016.0
(2016.0
(2006.0
(2011.0
(2006.0

14 Claims, 4 Drawing Sheets

R e
ot e Y hl"IHL"l"-.
S N
[ ]
e
R e N A N N A
oy L T L L L el el R N e .
e e e e e e e
B T o i T O e
L el o Ty
AL e Al Attt 3 s SO Al
P S
Lol e e
wnn . A AR
E
] .
ur iy T
wara T P
iy i
...”L...... o &Hunkn...u.q“
D T T
[ ] . & A
kH: H&H&H...”&H&”... A NIRRT % h..,_.h_.qH..q....n.._
W ap e T RN
.._.l.._....r.v._...r...n.r.......l.....ln.. e | .__.r:..._.._...._.._.
- S T L 3 DR ey iy L W
) M SR N . w5 ar e
oL O A T R R )
N X b dr N e e T
fl.-l.}.'.'.*.r* F ] *.T* F ] *.'b o ‘.'b.'l.r i
......q.q-_kh.__ LN .J.u,_nh..._hq a k“ o
._..._..q..____nu_. L..t...tw....t”k..r..... N . h_.._.b,”.,_“..._..,:_b, .
o e T Al
N AN NN,
.r..T.T.rb-...r.‘b.'.*-
. ........;..l.; ! .r.;..-. AL
[ e e S A S u
.._.r.l.._..._.....l.._.l.r.._.....l !
..h_._...,_.“.......#.. ..r“.h_”.....w.r T ._-
-
P e
L RA NN N AR
& O e e e R Rl B i) [ i i P i M
- & o b & F ]
* " ” Lol ) " .-_.-..-_-".-_" |.-u....#H...H.rn...“...ﬁ......t.r.......qu...u...”.._ " ..._._H...”...H...”..r.__...”_.."...”...“
e a T a .....E-. T A T N e e A,
P LT I T Il e e e o NN P P I N N I N Py
.._......_.......rﬂ....._...r....q.........._._.__.q....r..........r..........r.........._....._...........q..... e .“...r%....r........u....r .r“...r.r...-..............__ ﬁ......_.”...t.............__ ..n.__..._.............
e St M A s Nt A AN N N L M N AN e
o T L Tt e a0 S N N "
W e g e e Y e N e e
L I O I I S e o o ol ey e Y
..r-....H.....r.__.......__........r.._.rH.r.r.....__.r____“t.............................................................& i e e i e e ..r.r.._.._.......r..........r.r“....r,_“....r.r..t.............._
O T T T T I T i i i i S a a e
e e N o P T A e P e
B T e e L o i T, '
P A I N e e e e aaa o o T e T z LA
L I T T I T T ey A a e o e S aeue v e aaaa  a Y x Ll
P T T T I T I o o ol o) P S I N -
P N N o Ll s e e ayaa a a T e i i
B o S L o o i T R g o P,
T a a e e T e e e e g Aalale et alalate e e .
B T T T T T T T I L g i i N N N N M Pl
L T T I T T T T T el e g S i e o ol e P Iaw
._“.-......____....r.__.__.._...wu......r.q.r.......q.r.....-...H.r.__...ﬂ....____”.-...... o e e e ﬁ...q.............r......n...ﬂ.._“.- N At l..cr
W e e e e e e  ae e i e AAE A ol S "
O T T T T T T T I iy S P
P o R T T T T o T oo o e o g e el P R W) o lr...
N A I N ot N e S R Pl
b e a e e e ur i i i TR i i i A e AT e
._.“-........___..._“....__....._.__.u...“.r...H...r....r....u..t.r.__........__.._____”t.............................................................r i e i e e .“..r..r ._.‘....H..._._.._......_. ] P
O T T T T T T e o o L L o o o - P P
o I T T T o Tt T o oo oo e o el e e tibkk#ﬁ e
R A N T N N N o e e e ey - 2T T T T Pl
Tl g e e e e T i i i i iy e e e I i i i i e A R £
...“# .._.-.....-.._.._.._...r....._...._.__.....r.__..1.._..1........__.._.._...__.u.r“__._”#.............................................................& i e i e e . ....r.r......!...n___......_........... ._...rl_lr LN
W e e T e T e e e ._!}_-.H&...
A T N N R N N ey r x
O e e g - Tt -
& ar o b N o F ]
. ...."... Hu Hk“ s aTaTs ” w XA r...u... A k” X, . ._”...H&H*H...”&H&”...H&H*”...”& H...”&H*”...H&H&H...”&“ .L- - T H&H... S
L L e - S S Y
W e e T T T e e e e e e - S - B
O T T T I I I e A - P Sy,
L T T I I T e A Dae
W e T e e e e e e ﬂ - A o
W e e T e e i e e e e - A
W e e e e T e e e v - A
W A e e e e e ._I - RN l__..l- 3
o T I T N T I - T -
o & A o o o F
. ..q.._.".... . ...“u o r.rH.. r...uu_ L H...Hk&k L #”...H&H*H...”&H&”...H&H*”...”& H...”&H*”...H&H&H...”&” LI uh_ H&H... ._...1_._..
R A N R N N N e e e ey .r.._.. X l.......!
B s e I I L o Ry e
. O o R N N T A s aaa aaaaa P
W T T e e -*t.-_...f....q......-t..r&..... 1a .__..q.q...ﬂu"t - -
— O N I T T I I oo oo e Sl el e el i A T
N T N N T N N L N e o e ey Sl N NS Pl ) "
e h iy a e a a a a L L A A x wrarwa " e
1 ._.H-........-_..r.r..“..._.._........r.............................q.r......t.........-.._...-”t.............................................................r T e e e e e .n...“.k-...................rnt”._u__.r... o T
O T T T e T e i i e 1
T e T T e e e i i i i e T e i i i i X e e i T W -
0 N N N N R N e e =T A e N A T T Pl -
T T e e T N e e e e i i i e T i i i i e e i ar -
T T T T L I o a S X o~
B T T N a a T N N a a a  a  a a a a Woaalalalal al el el i iy T Ty L
O T T T I R T e A iy ST ey e e
» P I T N N N R N A e P A PN \\L.
R A N I R T A N o e e oy S Pl ol o
e e I i oy ey o e T i P
3 N o T I T I N T T I e e ...x...#;#&&fh\.\ e
P A A I I L N B Wl el el Pt X dr
O T T Tt T T e T e w et
e R I T T ot e N o o e e el P N PR
N A N N NN N N N N e e A PaCa
P R T i PN A i
T T N T I o Fe e e T T . i
P T I N T N N Wl sl el o T T e P T T
R T I T I T ey R TR I A A /
P T I I I oo o e e el AR e
0 N R N N N N o o e ey A e
e e T T a e a a a Ta  a a ae ar a i i i r TI rrrrir a Ay .
O T T T T T N e a  aa a aaaa N
B e A N I St Tt T B A A Wl sl s el el P T
2 O I T T I I T e A S v f
P T I o B T A e a e
N N N N N o oy A A
L I I T T T e o i o o e e e NN
. o . .._.___......_.._..1.._H....-.r“.._..q..........,.._.n....r.r”.._\.....r.._-”#.............................................................& i e i e e I NN
W e T e e e ) e e e aa aa aate T
N N N N N N e ATy s "a
e T e aaa a a a aa a ar a i i r TI rrrriri A
I I T I T I o S SN
P A I I o I N A A e ol PN LA
O i T T T I T Ty e By S
e T T e T e e e e i i i e T e e i i i Noa kA
A I R N o e e oy Pl ey e
T I I o Ry g N
2 AT e T e e e et e e LA A s
ur L T I T T T I T T L Ly e P .
et R e e N I B B T e N ”.q...r....u.r.r... .._._1.“.“...._-_ '
e I I T I I o S o T el o e T iy
#.f. WA e e e e e e e e e e AN A e o
ur N I T T I R O a  a e el e ANy ur
ok O T I I N I e o Wy e ar e
g ir N A N N N N N N A e e e s e W )
II.II e I T I I T O T T Tl o T T T e
allar S N T N N N i o W e el alalas ey e T ey 3y e Ty
ur L T I I T T T T L g g g gy o P
ur P N I I I T i o NN NN PN N
' P T ot T A e el e e e e ol PN X wa e Ty
. B S g o T T T e T T i
ur e N I T I T o e o r a ea o o ST T ey e P NN
. P S N i W ol A W A NN o w ey Ty
ur i B e I I I T I o o a l  a ar Saa o ey oy . PR
S L e N I T T O e o e 2 e Py T
Pl P N T o e s SR N s » Pl
. : e a a a  E  a a Tar Tar Tar ar ae I rir i i y r N P A N e e i
ar i KR e kR e I I i i i e e e e e e e ol i i i iy e A A N N r N A AR Bk
e P I N I N e e T T T e
LA W L e e e e a aaea aea  a ae A e e " T
Pl P T N N N o e e e o N RN L ¥ el ol
o L I T e g g g P e Pl
I i P N N I I T o T T NN
s PR T I A W e e oL T T e e T e -y
ur i D I T T T T o e g ey g g N AT TN P
e B I R it e L P R e 2
6 ur iy I A N I PN XN
T tar e e e e ur i i i o T i i i i o e e T T T i
ar i BT T T i e i i e e e el i i i i iy e - NN N
e X I T T e e waalaaaaal P I e T e
ur i ol e T e i T e e i i i i i e e e i i i i i - A i
arar B e e e e Sl o L it o o el e e e 2l i i ey i
A s P I L TN A e e el el e ol el ol wur P P W
~ar e T S T I It g x aur e a a iyt
ar i R T T T I o o al ol oo o ool o g P g e "' P "
ol B N N A R e W e e e T T e
ur i B R T I L O O o L g v P
e P I T I I R o Pl i u e
ur iy ol e s s e ol b g
e wra Ty B I R a ey i
i A A Pl
. e Ol e e L L N Ly
ur i B I I o g g p i i i i e
o el el el el e e P S
iy e el e e dr iy i i i e
T tar e I o L a al al ey e e
ar i e i i i i e e el e i i i e e iy T e A
~Tar e N  a  a a a a aaa eCe y N s
ur i B I A A gy My N g ar e i i i i i Ty
aa e i i i e e e I i i i iy i P A aaa O
Pl s e e e L ettt N
ur o e N T i i e e e e I i i ey e i L L na L
T........q. ”.r..r...............q........r..............r..r... AL AN A N AL LA AR ot e el N
B o o Pl o i B R
e O » ur N i e
e el .. ur 2y .
ur ar i i i i i i ur i
| N v o i A i ey "
o A T e e
aa Vi i i i e P
.H...”.q UH&H&H...H&H* ar i i e q._unn...”&“
RN L e W e i
e O W
L]
LR S L

L N LN
kb - .-_l_.-.l.-.l
Lk ai]

Herbelin et al.

12 United States Patent

(54) VIRTUAL REALITY ADD-ON DEVICE FOR

STEREOTACTIC NEUROSURGERY

ECOLE POLYTECHNIQUE

(71) Applicant

FEDERALE DE LAUSANNE
(EPFL), Lausanne (CH)

Bruno Herbelin, Ferney
Olaf Blanke

Moreillon,

Inventors

(72)

Passeraub.

ECOLE POLYTECHNIQUE

Assignee

(73)

FEDERALE DE LAUSANNE
(EPFL), Lausanne (CH)

Subject to any disclaimer, the term of this
patent 1s extended or adjusted under 35

U.S.C. 154(b) by 164 days.

(*) Notice

Appl. No.: 15/835,650

(21)

Dec. 8, 2017

(22) Filed

Prior Publication Data
US 2019/0175284 Al

(65)

(51) Int. CL

A61B 34/00

GO6F 3/01
A61B 90/10

A61B 34720
A61B 90/00

A6IN 1/05

G061 19/00
A61B 17/00

(52) U.S. CL

CPC .............. A61B 34/25 (2016.02); A61B 34/20

(2016.02); A61B 90/10 (2016.02); A6IB

90/361 (2016.02)



US 10,610,311 B2

Page 2
(56) References Cited
U.S. PATENT DOCUMENTS
2016/0116742 Al* 4/2016 Wel .......ocoee, GO02B 27/0172
345/156
2018/0042544 Al1* 2/2018 Graham ................... A61B 5/16
2018/0344413 Al1l* 12/2018 Rappel .........ccceeenn. A61B 34/00

* cited by examiner



US 10,610,311 B2

Sheet 1 of 4

Apr. 7, 2020

U.S. Patent

HF.

-
oo A NN NAAA A

R?ﬂ?ﬂ?ﬂ?ﬂﬂ?ﬂ?ﬂ

o

[,
|

EY
Al

H
H"H
A A

|
x?l
A

x
x II

I Hﬂll -
o D s oo oorbseot
N dr dp o dp ey dpodp dp e dpdp e dp dpdpdpdpodp dp dp dp oy dpode dpdp e ode dp e dpdpdpodp dp o dr e e W =
™
o

Ky
™

N N N N

AN N SE A NN 2 EAE I NN 2 I NN 2 NN NN N - W ................................................H...
¥

¥
x
X X X &

e i e i e e e e e e e 3

ir
ir

Jr e dr e e de de e e de dp ke g
N k) L ek Ml k)
oy . A e e e e e e e e e e e e e e e e e e e e e e e e i a
PN : LALLM AL L N L L A AL N ML L N A N MY
r r F rl r . . L . L ol r F ol F ol r F ol r F ol r
'- o .T.:..T .T.'..T o ok kN .’..T.:..T .T.'..T .T.'..T .T.:..T > L o X o .T.:..T .T.'..T .T.T.T .:.-.T > .T.T.T .T.:..T .T.'..T .T.T.T .T.:..T .T.'..T .T.T.T .T.:..'. =
o dr o dr o br B B b O b br 0 0 br O B br 0 0 e 0r e r 0 e dr & b o ko oJroir [ ] . dr b b W i i i [ ] dr o dr Or o dr Or Or o Jr O o 0r 0 0 0 0 0 0 | 4
|, 4 b b b b oA b M S M M b M M M b S b 0 N N
b odr e b b o bk ki ko
dr b B b b B o Jr b O b b B 0 b Or b b 0 e 0 0 0 r i

) L L I dr b b b S b b W N
drodr A b b S o dr b M b M bk M dr ki i i L L . e . )

b oA b W S i oA
w AN |

. ! . . o S s
Y i e :
Pty ) ; - )

a»
X
i
r
r
Jl"‘_'l'
I'*I'
i'*i'
l'.rl'
Jr‘_'l'
i'*i'
Jl"‘_'l'
I'.rl'
r
r
L

dr o dr o dr o dr o o iR dr B dr b O dr b O 0 b O 0 e 0 0 0
ML .............-......-. .r.r.r.r.r.r.r.r.r.r.r.........r o " -y e )
[ N A R N o P R IR I O R O O O
TH#H...H#H#H#H&H.._ A, t.rtkt.rt._....J.4”.qH...”&H#”..H#H#Hk”.q”#”...”#”#”f “.#“...“#“..q“...“.q“.#“...“#“..q“...“&“.#H..”ku#”...”ﬁ#“ﬁ-“w“ﬂ : ": P S gags
o o b dr b b dr W o W o N
.-H#H&H*Hkn.q”&”...“ i ._.._..._.-.q....q._,...q...._,....*.........&...&.........&.f.........&ﬂkn...”&... ...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH#H&H&H#H&H&H#H&H&”#H&H; s e e e e
N N ol el ol P Y
W e e P P o e : T e T
W T e T i ol ol o el el A N
el ol aly xR Sl FEEEEED Ll e L, a0
S S P S Ay o P g Pl S Y n A . oy g e S S .
o Vi i T T T N T A P ar i Vi x P oL ) " x A e e x xR e a,
W e e N P i A e a e a  n T ae el WE v N v e e e R
L ENE NN AL Faitaiy i AL NEN Y Pty B e SN W e e
LA A . Al Pl W e e T -l“-__. o N
e X e e U e ke e e ke e e K ; L W W el ML )
“.._H&”...H...H...H.q&.q..r o sl et at et et e el el el el el el e e e e el e "l " JH&”...H...H...H...TH;“
& & b ko : ’ | & drd ko kA kR
. PN » o
AN ] n W e e e
PN : - * AT e T e
Pl / ’ )
o dp o dp e i O i iy ey ol Ol
b e o - de i T a e T
LI ML) ......H.._. ......H...H...H...H...H...H...H...H...H...H...H...H...H... .._....H... ......H... ......H...H...H...H...H...H...H...H...H... ......H H.._.H...H...H....H...H...H....H...H...H....H...H...H....H...H...H...H...H...H...H...H...H...H...H...H...H...H... LI x aal NENAal)
R e N L L o el L d i e T
dr A .___.-"._...q....q..........q.q...........&...&.........&...&.........&...&.q...q A e e e e a s ol al ol s ur i Ty
R e A ae i i e T T e i T e T e e i T e i i e i YTy e T T L I T ol el el el el e w A e T
de e e F A L A o o AL S
] e e alal ] A A el A aa; N I A N m e sy
w i a o el e ol L I I I I o el gy gy oy e P .
K NN NN ke e i e i e e e e e i e e e e e e ) t.-#.—#.-t.—#.—#.-#.-#.—#.-t.—#.-#.-t.-#.—#.-t.—#.-#.-t.—#.—#.-t.-#.—#.-t.—#.—#-#.-#.-#-t.—n"“ﬂ.a...&k......k...&......&.._... .
ol e e ) . F drdr de de dr dr dr dr de dr dr dr dr dr de dr dr dr dr Jr de dr dr Or 0r Jr 0r O 0r O 0 O O Jr dr dr dr e b dr dr dr B Jr Br dr Or dr Br Jr 0r dr Br Or Or Or 0r O 0r Or 0r O 0 O Up o i i dp e R
i & dr dr by &k k & [ . . . . . . . . . . . B N SR R R TR TR L T I I I T U R R R N R R T T T N I I NN TR N N U T R U DI ..-. T R R TR R N S U U N I TN N U R R L TR R T T U U T N TR I N I U R U T B & dr & k i ik k& ]
P N II dr dr dr dr dr dr e dr dr dr e dr dr dr de dr dr dr de e dr dr Jr de dr dr de dr dr dr dr dr e dr dr 0 e dr . . . . Sr dr dp dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr de de dr dr dr de dr dr de dr dr dr de dr e dr dr dr Jdp ok W dF dp dp dr dp i o o i .
- e e il g el B mp mp mp mp B mp mp mp mp mp o wp mp mp wm mp o wp mp wp wm [ 4 dr dr dr S dr dr e Jr e Or de dr Or Jr e Jr de dr Or Jr dr Or de Jr Or Jr dr Or de B dr Jr dr O 0e O O O O Jrdr e de dode dr de dr de dr de dr dr de de dr dr O de dr de Jr dr Or dr dr de dr dr O dr de de dr dr O dr Jn OB Bk o o ol dk o odp o o a i e
o ar g dr iy dp o dr dp dp o dp dp e p e dr dp dp o dr dr dr o dr o dp dp o dr R e e T T e T T T e e S S e i ) dp ip iy e iy dp e e e e e e e T e e e T T
W Ar dr i irdr i p dr updr iy i dp o dr ir dp o dr iy dp i dr dp dp i dp p dp iy dr e O | dr dr dr Jdr dr dr dr e dr dr dr e dr dr de dr dr dr dr de dr dr de dr dr dr dr dr de dr dr dr e dr dr dr 0 dr dr ar ip dr p dp e dr p dp i ..1.._.r.r..1..1..1..1..1..1..1..1..1..1..1..1..1..1.r._1..1..1..1..1..1..1..1..1..1..1..1..1..1..1._1..1..1..1..1.'.-..........._..._..._......_........._..................................l................l..ll
L I I I o  a a el alalag ygFie a™ e e de e e e e e e e e e e e e e e e e e e U e e e e e e e e e e e d dr i Y e A a4 a A A o Il T o o a  a al  aad a aal  a  a a aa aanl)
N PR T T I T o - P N N ) . e e e e e e e e e e e W e e e e e e e e e e e e e o e e e o e e e e e e e e e e e e e
L B A s e e a a ae a a a ae w a w ae a  a a a ae a  K ae ol ar i Yy dr i e .__.v..l.__l.l___.._.__....r.r....r..,.r.r.r.r.r.r..,.r..,.r.r.r..1._1..1._1.r.r.r.r..,.r.r.r.r.r.r..,....q.q....q.q....q.q#1*#1&#1*#1&#1&#1&#1&#1* "
L I el A ol ol * ST a a a aaa A de T i i ettt T e e e e e e e e e e e e e e o e e e e o e e e e e e e
L I T N e e e e e e e e e e e e e e T S . N F N o T e o e o o el o e o o )
B o e D e e e e e e D e e e e ey e e e e e e e e e e e e e e e R R R N A P i a a a ol e L A e e A A e
L I o I a a a el at vad aoal el e v e e e e e e e e e T N R e L L L el s ol el S e o e o I
L P o e o e o e S T o o o o R R N N R N N N R I o N A Al Al al e e N A D NN NN F N o o o o e o N R N O o o L o o o
I d e a  w a aa a aTa a e e e i e i i i i e e e i e e e e o P B el el al s T T T i a a : L e el e el sl ol s
e dp dr dp Ay dp e dp o dp dp o dp e dp dp dp o dp dp dp dp dp o dp oy dp oy dp dr ol e S de dede dr dr dr de dr dr dr dr dr de Jr dr O dr Jr de Jr dr O 0r O 0 Or Ay Jrdr 0o b b b b b b b b b h b B b b b b b m h s m s omomoa . S dr dp e dp dr dp e dp e dp e dp o dp o dp e dr S dr O b dr dp e R Tl e e o o o e o ) a a2 s a2 a aaamaaaaamaaad5&6.1 Jrodr dr de o de Jr de dr de Jr e Jr dr Or de Jr Or O de Or de Jr Or O dr O 0e dr O O dp Sy dr dp dp dp e gy dp dp dp dp e dp dp dp dp dp e dp dp dp dp o dp e dp dp o dp dp
O T I e e e e e e e e e e e e e e e e e e e Sl S S .I.rl......r.r.r.r.r.r.r.r.r.r.__.r.__.__.__.__.__.__._..__.__.__.__.__.__.._.__.__.__.__ o e e ol ™ ok b A 0 II.-..r.r.r.r.r.r.-.lit.—.}.}.}.}.}.}.}.}.}.}.}.}.}.-_ I EE R R EE R EE R I T R R T N i S S S e e e e e e e e e e e e e e S e S Sl S S S ar iy dp o dr dp oy e b iy dp e iy dy o by dp ey
Wt A dr iy dr i dr dr dr spdr dr dr i dp vy r dp iy dp dp i dr ip dr ip Jk e dr dr dr e dr dr dr de dr dr de dr dr dr de dr e dr dr 0 dr dr dr dr dr o e S e T S T N T T T Tl i e e o o o .r.t.T.r.._..II N N el NNl NN R e e N o T T Ty S g dr dr dr dr dr dr dr dr de dr dr dr de e dr dr dr de dr dr de dr dr dr dr dr e de dr ] W T I e e e S e iy
- dy iy iy iy oy oy e e iy oy e e e i sy oy s e e i sy oy e e e e dr dr dr dr dr dr dr dr dr dr Or dr Br dr Or Or Or Jr 0r O 0r Jp 0r Jp J dr dp b Jp & 4 b dr Je o b - b oo b Jr b b b b b b b b b b b bk b k b k & I dr iy dp i de e e e B Bk b kA A & dr M dr dp dr Jp b U b Jp o de dr dr Or 0r dr de O W e e i dr o dp M A A e e e R gl e ke a dr e e k ke e k U d dr e e k k  k U a d e e k k [l e e e o T Tl Tl el e Ui i P P S
e e e e e e e R e T e e e e e T S e R e e e S i e e e e e R R e e A A e e S T T T A T T Ty St Sl T Tl T A Y B e e e o L A A e T R R e 'S e e e e R T e A T T el Ty g I i i, h A A b aamomomomoahom k ok oAk kA Ak kA e e e e e T e S S e e e e e e e e e e e e N e S A
r ir dp i dr p sp oy i e i iy r s iy iy i iy p i e i i dr dr e e dr dr de dr dr de dr dr dr dr dr dr dr dr 0 dr dr 0 T el S R T e i L S S S S R e e R S A e R A A R e e N A NN AN E NN NN N, T E R E R N, ar dr dr dr dr dr dr dr dr dr dr dr de dr de dr dr de dr dr dr dr dr e dr dr 0 dr dr 0 ol iy up iy dp o dr i dr p i e e dp i dr i iy .
W gy oy dp e dp e e e dp ey ey oy dp e ey oy dp e e dp i de dr dr b dr dr dr dr dr B dr dr dr Or dr 0r O 0r O Jr dr e dp dr dp b dp de dp drdr drdr dedr B br b dr b dr & 0 b b b b & &k b h b k b k & B b h b h b b b k b k b B b k b k & o & J NN, Jrd dr dr e b dr dr dr dr Jr B dr Br dr Br dr Br dr Br dr Br O Or Jr 0r O 0r Or e Sy dp dp e dp e dp e dp dp dp e dp e dp de dp e dp e dp de dp e dp e
W ir p iy dp iy e dr p dp iy iy i e iy i dr iy sy i i i i U F b e dr dr de e e de de de dr dr de de dr dr dr 0r 0 Jp 0 dp dr ip dr p dr e dp Jr dr dr dp dp de Jr de dr dr de de dr dr Je dr e b Or B dr b dr b dr b dr b Bk Jr B dr & dr b dr b dr & B de dr B b dp .II lltl.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r....r.r.r.._..r....r....r.._..r.r e ir iy up i dp dp dp e dr dp dp e dp dp o dp dp dp e dr dp i
##########.........-........_..........._..-...........-........_..............-.......r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r""'.........-...........-...........-........_..r.r.r.r.r.r.r.r.r.r.._.r.._.__.__.._.._.._.._.._.._.._.__._..._.._.._.._.._.._.._.__.__.._.._.._bttkt#u i ar rde Jr de de dr dr dr dr dr Je de de de dr dr Or dr Je de de Br Je de de o de deode de o de U0 |
dy iy iy iy oy oy e e iy ey e e e iy sy oy e ey iy sy oy oy e dp e o dr dr dr dr dr dr de dr dr dr dr dr be Jr dr O 0r O 0 Or dp dr iy iy ey dy e e dp e dp e dr dr Jp dr dp Jr Jp dr O dr dr de Jr dr O dr dr de Jr dr O dr Or Je Jr dr O 0r Or be O Br O 0r O 0 O O 0 > dy i iy i g e dp dr dp drdp dr dr dr Jp Jp Jp Jr dr Jr dr dr dr br dr dr dr Br Jr br dr Br Or Br Jr U dr Br Or Br Jr Ur dr Br Or Br Or Or O Or o Ju g B 0 b Ur O Or b dr dr dr Br Jr O Jr Br Or Jr Jr O Jr Br Or Or Or 0r O Br O 0 O 0r Or
e e e e e e e e e e e o e S e e R e o e e T T i e e e e e e e e e e e e e e e el e S T e R S S S T S e e S S i S S i ie e e e e e e e e e e e e e el o R e e e R S T e S T e e S e Sl i e T e T e e e S S S et
_-_.q....q....q.q.q....q....q.q....q.q.q....q....q.q.......q.q.q.q..._-_.rt.r..,.r.r.r.r.r..1._1..1._1.r.rt.rkt....rmunnl”.q.q....q....q.........._......_,..........._......_.........r....r._...r.q.r....r....r.r.r.w.r....r.r.r....r............ - P P s Wi o e e e e e R K e e e e e e e e e e e e e o e e e KK e WK e e e e o i e e e e e e ke e e
- e e e e e e e e e dr dr dr dr dr de dr dr Or dr Jr Je Jr dr O 0r O 0 Jr dr 0r dr oy iy iy dp dp dp e dp dp dp dp dp e dp dp dp de dp e dr de drde drde drode drde drde O de dr Or drde O de dr O Or o dp 'S Jrde S de dede O br dpogll Sr drdr drdr dr o dr dr O Ar BR dr ey e dp e dp e dp e dp dr dp e dp e de dr de de de dede de dr drdr dede dedr dr O dr dr de dr dr dr de de 0e de dp Jrodrdr drde de dr dede dr de de dr dr O de dr de Jr dr O 0r O 0 Oe Op o
NN e e e e e e e e e T N S el e e e e e e e e S e S S S e Bl e e e e e e e e e S e i S e S e i S S S S e S e e S S S el .lll.._......._..._..._..............._..._...................._..._.....................###################tl# T e e e e e e e e T e S
ok ey P o o o e T e T e T e T e o e T e T e e e e e e e e e I e e e e e I el A o N o el e el
P N I N T T R e e e e e e e e e e e e e e e e e e e e e i e S e S e B ' e e e e e e R e S RS S S S S S b b de b b b b dp W R ko ke kA b b de de b b de de bk e de e e e e e e e e e e e R e S e S N St St
ol Sl % r Mk e dr Jp e e dp M dr e dr dr dr dr e dr dr dr de dr dr de dr dr dr dr dr de dr dr dr e dr dr dr 0 dr dr dr 0 e e i i e e e T e e e e e e S dr dr dr dr de dr dr dr dr dr de dr dr dr dr dr dr dr e dr OF il e i ke T el e T e W e e e e e e e e e e e e e e i e e e e e e i e e e e e e
o dr Jr Jr Jr i dr & F I D R N T I T IR R I R I N I R N N N I B | L N N O N O ) P NN B N e N N I I N RN IR I I N R IR F I R D N T I I IR IR N DR N N D N N IR N e N r - dr b b b A b S S b oS S b b b b b b b b b b b b b b b b b b b b b b b b b b b e K
iy dr e b d b dp de drode dp de dp de de de dp de dp de de de de e de de de e dr de de de de de de de de dr de de de de de de de de de de de de de de de e de A dr e dp de B Ao
Wl e dp oy J M Jp Jo Jp Je Jr O U dr Jp Je Jp de Jp dr Jp Or Jp de Jp de Jp Je Jr dr 4 dr O Je de Br Jr Jr de e Je de de de Or Jr Jp Je de de Jp Je dr Or Jp Or Jp A U e
AL N ur dr et e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ek e Ottt at st At Aty
o i iy . R . . R . . R
de i e
T
W W e e
W e e T
ur i
w T
X i e T
?H&H...H...H...HL..&;
Al
W Ta e e
- hq..q.._...qn.._...q._q._q
» ;&H&H...”...H...H...”.q.._
L
Ol
)y
?H&H...H...H...H.q )
P
Pl
W
P
o
P
N
Pl
W
* i T
)
x
P
Fae o T L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e kA bk ko bk ko b ko A A bk ko b ko ko b ko ko A kA
NN sty e e e e b e e e e e e e e e e e e e e e ety Dty D
" A A N A N  a a  a a a a  a  aa  a  a  a  a  a  a a a  a a a aE  a  a a a  a aa aaa
P I I A A N N a a a a a a  a a  a  a a aa a  a a a a  a a a a a a  a aa a aal a a  a a  a a a a a a a a a a aa a aal a aa a a a a a as
Pl L A a  al  a a  a a a a a  a a  a a  a a  a a  a a  a a a a  a  a a  a  a a  a  a a  a a  a a a a  a a a  aa a aa a aa  a al  a aa aaal aaaly
P L o o I o L L O O L o o O o o o o O o o o S
W e A A e A A A N A A A e e sl
i L I I I  a  a e  a a a a a a  a a a  a  a  a  a  a  a al  a a a  a  a  a a a al alaa al a a  aa
N L A o o o o o o o o Al
o AT i T T T T T i T Ty i T T i T i T T T i Ty T Tl i T i T Tyl i T i T i T Ty i Ty T i Ty i Tl i T Ty i T Ty i T i T T e i T i Ty i i Tl i Tl i T T i T T i T Ty i T T i i T i Ty T i Tl i T i T Ty i T i T T e T i Ty
N L L ol ol A A s
i i L T o  a a o  a aa a a  a  a  a  a a a  a  a  a  a  a ad a a aa aaoa
L N A A A A A A A A A A e a el
L T N ol o o o A o o o A o ol s
e e e e e e e e e e e e e e e e e e e e e e Uy e e e e e e e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
W T i T i Ty eyl i Tyl i YTyl i Ty i Ty i Ty T i Ty e e i Tl i Tl i T Ty e i Ty i YTy i i Yy i Ty iy e i Ty i Yl i T Ty i i Ty iy i Tyl i T Ty i i Ty iy i Ty i e i Tl i T Ty i T Ty i T i i i Ty i T i Ty e i i Tl i Tl i T Ty e i Ty i YTy i T Ty e i T
L A I Al o o o ol o o o el el el s
L I N N N N i S
N N A N A A N a a a a a a a a a a  a a  a a a a a a a  a a a a a aa a aa a aa a a aE a a
L o I A I I a  a a  al  a a al a a  a a a  al a a aa  a aaS
L N N a2 N
L o A A A A N A N e A el e ol
L N ol A A ol A A A Ty
L e L o o O o o L o o o  a a aad al  a a  aay
A A A A A A A A e el s ol
L ol A o o A o o  ad a a a  a a a a  a a a a a a al araaa aaa
L o o L o o o o L o o o ol L oy
W i T i I Ty i e il i Tyl YTy i Yy i T iy i i Ty T i Ty e i e o Tl i YTyl T Ty e i T i v Ty i iy i Ty e e i Ty i Yl i T Ty e i Ty i YTy i T Ty i Ty iy e i Tl i Tl T Ty i i Tyl i Tl i i Ty i Y iy i i Ty i vl i T Tl i i Tyl i Ty i T Ty e i Ty e iy
L Rl ol A o ol Al e A e aal a aaly
L L o o o o L o o o O o o a o o o a  a  a a  a a a .
e A A A N i a a a aa a aa a aaa a aa al al -
o .-.r.qr.q o o o e e e o e i o e i e o e o e i e e i e e e o o e e o e e i e e o i e o e e e e o o a i e o e  aara ar aer aar o er a arr aar a ae ar ar  ar a or ar aar e e r a a N )
A e e e e e e .ll"-_"l"-_._.ll"-_"l"-_._.ll"-_"l"-_._.ll"-_._.llﬂi....-.l_..--
| ]
» 4”4H&H#H&HkH-H&H*H#H&H&H#H1H*H#H&H&H#H&H&H&H&H&H#H&H.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H..qH.qH...H.qH.qH...H.qH.qH...H.qH.qH...H&H*H#H&H&H#H&H&H#H&H&H#H&H&H#H&H*H#H&H&H#H&H*H#H&H&& .
R o I B A N  a  a a a  a aa a aa a a aa a aal a aa a  a  a  a a a a aa a aa a a a a a aa a aal a aal a aa;
L L ol ol A ol o
L I N o o o o o o o o o o O o o o o o o B o o o o o o o
L A A A A A A ol s
L N T ad a e  a a  ad  a a a  a a a  a  ad a a  l  a a a  a a  a  a  a  ad  a  a  a  a  a  ada a al a a al  a  a a a
L o A o A o o o o o o A o
WO T T i T Tl i T Ty i i Ty i T i T Ty e i T T i Ty Tl i Ty i T Ty T Ty i YTy i T Ty i T Ty e i i Ty i T i T Ty i T i T T i i T i Ty i T i T i Tl i Ty i T Ty i T i T Ty e i T i Ty i Tl Ty i T Ty i T Ty i YT i T Ty i T i Ty i i Tl i Tl i T Ty i i T i T T i T T e T
L P L T o o A o o A o al E  a a  aal  aal alaaa aa
L I N N  a N  a  a a a a a  a a a a a a a  a a a a  a a a a a a aa a aalN
L N N N A A A N A N A A A Al
L I o I A o al  a a  a  a a  a a a aa  a  a ad a  a  a a
A N N N N N
Wi Ty Ty i Ty i Vi T iy Vi Ty e i Ty iy i Yo Ty i Vi Yy i Yoy i Yy Ty i Ty i YTl iy T Ty i Vi Ty i Vi Ty i Y Ty i Yy Yoy g iy i Ty i Yl i Vi Ty i T Ty iy i Yy i T Ty i i Yy i Yy g Ty i Ty v i T Ty i YTy iy T Yy i YTy i i Ty i Yy i Ty i Ty vy i Ty i Vi Ty iy T Ty e i Yy iy i YTy i i Yy i i Yoy i Yy i i Ty i YTl i T Ty i i Ty i YTy i T Ty i Yy i Yoy g iy i Ty i
L O N o A N o A Al A A s
L o e  a a  a a a a a a a  a  a a  a a  a  a a
A A N A A A A A A A ol s
L e I o o o A o gy g g g g g g g g gy I a a a l a a  a  a a a  a  a a aa a  ala al aararal aly
n L N o o o o  a a o o a  al a aal  a
L B A A N a aa  a  aa  a a  aal a a a a  a  a aa a a a  a a a a a a a a a a a a a a a aa a a e ol
n L Al A A A e
L o o o o O o o o o L o o o o o L o R ol o L a o  a a a al a a ao
4 e a a a a aa a aa a a a a a aa a aa a a a a a a a a a a a aa a aa a a a a a a a a aa a  a  a  a a  a a a a aa a a  a a a a a a a a aa a  a  a  a a a a a a a a a a a a a a a aa a a a  a a  a a a a  a a a a a a a a a a a aa a a  a a a  a a  a aa a a a a a a a a a a a aa a aa a aa a aaa als
Y L I A o o e o o o e o  a a al  a a  a  a  a  a  a  a  a  a  aalal aaa
L A A a a a  a a  a a  a a a a a  E  a a a a  a  a a  a a  a  a a a  E a a a aa a aal aE aE a aaaa
'y N N A N  a a a  a  a  a a  a aa a aa a a a  a  a  a a  a a a a a a  a a a a  a a aa a a a a a  a a a a a a  a a a a aal a a a a a  a a a a a a aal a a el .
¥k L N A o A o ol ol e )
ur iy T L Il N A N N N N N N N N N a al W -
oy Pl w o o e D e e e e o e e e ae D ar a e na aa aa a a a a a ar a D  a ayae a a a  an  a  an a  aa aa aar a a a a ae a a D a ayae a  aa a a a  an ar Da an aa a ae a a a a  ae ar a Da e ya a a aa a a a  a ar Da  a ae aor ar a a  ae  ar a a  e a a a aea a a  a  a a  a
T Pl L I o e T I e
o Pl L N A e
o W o L N o a a a a a a a a a aa  aa a aa a  a a a aa  a a a a a  a  a  a  a a  a a  a aa  al a a  a a a a a a a  a a a al a  a a a  a a a a el el ol .
X e Pty L I o Al o  a al a a a  a  a a  a a a  al aE a a a a a  a  al a a a  a a  a  a  al aa aa a  a a a  a a a  aa a aa a a a  a  a ara a)
L N L Ny L N R T o o o o o o o o o o L i -
e el e ad al A A A A A A A A A A A A A A A A G
L I A A Nl L I o I a a  a a a a a a  ad  a  a  a  al  a  a  a  a a  ad a a a  a  ad a a  a aa  a  aa  a a ala aa a
A O M e N A A N M N P o o o A o o o L o o o o o o o o Ny
A N  aa a aal aala y I R B A e e a0
L A el el el 3 N ol o el A Al ol A '
L N A L Ny L T I I o L O o L o o o O o L o o o L O o O L o o Y
o o D e e a LAt aEalalalal alalalalal alalalnlal alalal al alalal alalal alalal alalalalalalalalalalaalal alal alal al alalalalal al alalalalalalalal al alalalalalal alalat alalalalalalalalalal atalalalal abalal alal alalalal alalalalalalalal al alalal sl alal alal alalalalalalalalalal alalal alal sl alal al alalal alal alalalalalalalal al alalal b alalalialal alalal alalalalalalalalalal sl abalal al alalal alal alal alialalal alal al alalal sl ot al pn ol
e dr dr dr o dr dp dp dp dr dr dp dr dr e e g o dr i o "l-..-..-..-.....-..-.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.l-bh{l
.........-...._..........................-_.-...........-...........-................_.#}.}.}.b.}.}.}.#l.}.##b.}.#}.}.j.}.#l.{ }-4-{!--:----------------------------------------------------------------------------------------4-4-4-4-!-4-‘-!-4|i1}1l-
i o e e e T A e e N N X e e N X e e e N N X N e N X e e N N N e N N N O e e N L N N N N X E N e N N N C X L N NN N N E N A NC N N NE X O L N NE N N X E N I NC N N NE NI L] N
W dr ip p e B dr i dr dp sp iy dp e dr r o W W dr il Wy e dp dr dr e dr dr de e dr de dr dr dr dr de dr dr dr dr dr e dr dr dr dr dr dr dr e dr dr dr de dr dr de de e dr dr dr dr dr dr dr e dr dr dr e dr dr dr dr dr dr dr de e dr de dr de dr dr dr dr dr dr dr dr e dr dr dr e dr dr dr dr dr de dr dr dr dr dr de e dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr dr de e dr de dr de dr dr de dr dr dr dr dr e dr dr dr e dr dr dr dr e dr dr dr dr dr dr de dr dr dr dr de dr dr dr dr dr dr dr dr e de dr dr dr dr dr de de dr de dr de dr dr de de e dr dr dr de dr dr dr e dr dr dr 0 dr dr dr o 0N |l..1.._..._.lI i
e aa aa

P N, . . . . . . n Jodr Jr o de Jr dr Jr dr dr de Je dr Jr o dr dr de Jre e Jr dr Je o de Qe e Jr o dr Je o de Jr 0r Jr dr de de Qe e Jr e dr o de Qe 0r Jr e Jr de Jr e Jr e Jr o de Je e Jr e O de Jr e Jr e O de Jr e Jr e Jr de Je e Jr e O de Je e Jr e Jr de Jr e Jr e Jr de Je e Jr e de de Qe e Jr e Jr de Je e Jr e O de Je e Jr e dr de Jr dr Jr e O de Qe e Jr e O de Je e Jr e dr o de Qe e Jr e O de Je e Jr e dr de Je e Jr e O de Qe 0r Jr e O de Je 0r Jr de O de Je e Jr de O 0e O e Or 0e O 0 O &
.-_.-_.rllllll.l - [} [
Foror reor r e or g roro

o dr b b S b b M o dr S b b b b b b b b b b b b b b i b b b W b e b b b b i e b b b e b b e bl e b e b i e b e b b e b b e b b e bl e bl e b b e b b e b b e b i e i b e dr b e dr i e dr b e b i e dr e dr b e i i bk i b e il e i b e i i e dr b e i b e i b e i b e dr b e i b e il e i b e il e i b e i e ik i ki ki i

o A b drodp s roa
LR L N N N N L N I IRC I I I T I R I O q_r roa
llI..r.r.r.r.r.r.r.r.r.-_.-_l.ll_l.ll_l.ll_l.llll.lln
R R A i U U U U i L
O o s iy e e b e e de A e e g de e de O E

et l.l.l.il.-.ll.....r.r.r.r.r.r.r.r.._.__._

b Jod b b b e b Ak}

Jrodr e b e e o de b beor

Br de e O 0 dr be e 0r B .

i B W N N s j dr b e b g b i b o e b bl bbb b b i d i dr

B ok b d b b S dr de de o n 0 B e dp dp BB B Bp s jr dr K odp b b b J il Jr de de do de b de dr o dr Jr Jr Je de de de de B Jr O Jr B 0 0r O 0 0r Or
Jodr d d de de b Jp o Jr e % W dn B W N dp dp Jp dp dr b i d b fp e drodr dr dr de de de de de S B Jr dr Je Je de de dr O O O O O 0 0r 0r 0 0r
b b e e i W W dr ir b Jr dr b ok B i fr b dp b b o b ke b b b b dr de b b b b dr b b e e b b dr b b b b e e de de b b b

W odr e b dr dr dr dr O b O Jp BB % & i b b i i J @ dr o Jr dr dr Jr Jr Je Jr de dr dr dr dr dr dr dr dr 0e 0r 0r 0r 0r O Jr O O 0e 0r 0r O 0 O O Jr dr dr dr dr dr dr dr Jr Jr Jr dr e e dr dr dr dr dr dr dr e e 0r dr dr dr dr dr O 0r dr Jr Jr de dr Jr Jr dr dr dr Jr Jr dr dr e e e dr dr dr dr dr dr e e dr dr dr dr dr dr O 0r dr Jr Jr dr dr Jr dr dr 0r dr Jr Jr Jr dr e e e dr dr dr dr dr dr e e dr dr dr dr dr dr O e dr Jr Jr dr dr Jr dr O 0r dr Jr Jr Jr dr dr dr e dr dr dr Jr dr dr e e e dr dr dr dr dr O de dr 0r 0r dr dr dr dr Or 0r 0r Or e dr dr 0 e 0r 0r 0r O O O b

W dr b b de b b O dr do @ b i W dp o dp dr dr o dr dr By b b b dr dr de de de de de dr dro dr dr dr Jr Je dr Jr Jr dr dr dr dr dr dr dr Br Jr dr dr e e e Migde Jr Jr dr dr de de de dr B O Jr dr Jr Je dr Jr dr dr dr dr e e de dr dr Jr dr dr e dr de dr dr dr Jr dr dr de de de dr B O Jr dr Jr Je dr Br Jr dr dr dr e e de Jr Br Jr dr dr e dr de de dr Br Jr dr dr de de de dr B B Jr dr Jr Je Br Br Jr dr dr Jr dr e dr dr Br Jr dr dr e de de de dr Br Jr dr dr de de de dr B B Jr dr Jr Je Br Br Jr dr dr Jr e de Je Br Br Jr Jr dr de de de de dr B Jr Jr Je de de de de B O Jr Jr e 0e 0r 0 0r dr 0r

C A i B & & dr i b dr dr o e e - e e e e i S i i o e

@ b drode de dr Jr dr Je Je 0 0 B i | W ik dr dr M oir B b dr dr dr dr dr Jr dr dr e e dr dr dr dr dr dr dr e e dr Jr dr dr dr dr dr 0r dr Jr Jr Jr Jr e e 0r o QPR Jr Jr dr e e e dr dr dr dr dr dr e dr Jr dr dr dr Jr dr dr 0r dr Jr Jr Je dr dr e e dr dr dr dr dr dr e e e dr dr dr dr dr dr e e Jr Jr dr dr Jr dr O 0r dr Jr Jr Je dr e dr e dr dr dr dr dr dr e e e dr dr dr dr dr O e e Or Jr dr dr Jr dr dr 0r dr Jr Jr Je dr dr e e dr dr dr dr dr dr e e e dr dr dr dr dr dr dr e Jr Jr dr dr Jr dr dr 0r dr Jr Jr Jr dr e e e 0r dr dr Jr dr O e e 0r 0r 0r 0 dr dr O 0 0r 0 K

dr dr d b b b b b dr 0o o ke b ¥ W » & dp dp dp dp i W dr dr dr Je Jr de Je dr dr Jr dr dre de de de de B B Jr Jr Je de Je de dr B O Jr Jr e Be Br 0r dr O dr O O O

Fo bbb dr o b e dedededede bbb & dr b  Jr Jr i dr R o S o S S T

......_.....r....r....r.._..r.r.r.._..r.._..rnl

A A A d
A e

LS
dr o dr dr o dr O o Jr o Jr O o dr o dr O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 }.l.}.l.l.
[ J B R IR N R N N B I N I I N I N I I N I I R U N N R IR I I N N N N R N I N I N N I N I I R I I I RN N IR N N N I I TR IR TN N I I N IR N N T I IR I I N I I N IR R IR N IR RN N N R T R D RN I R TR R IR N N N I L o iy i N
i & b o b iy ki ki ik ik ik ik ik ikiikikiikikiikikihkikihkikihkiihhkbkbhkbiibhkbrbhkbrbhkbrbhkbrbhkbrihkbrbhkbrbbkbrihkbrihkbrbhkbrbhkbrbbkbrbbkbrihkbrihkbrirrify o iy dr dr
't i i e e e e e e e e e e e e i e e i e e el e i e i e e e i e e i e e e e e e e e e e i e i i el i i el e e e e e e e e e e e i e e i e e el e i el e Ay iy i Ay W
N, P e R R R R R R R i i i i i i i i i i i i i i i i i i e i i i i i i i i i i i i i e
P dpp dp ey e ey O ey e dp e e e dp eyl e dp ey dp e ey e e e e e e e e e dp pdp ey e ey e e e e ey e e ey e g ey e e e e e dp ey eyl e dp ey dp e eyl e e e iy dp e ey dp e e e e e ey e e e ey ey e 0 e ey g i e e e a g dr
ik i N N N o N N N N N N N N N N N N N & A i i
W e e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e i R e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e | Mo AL A )
J..:..J.b.}.l. .-1.-l.a 1....11....11....‘ 1.--.11.- -.J1.- -.-1.--.11.- -.J1.-l.a 1.-l.a 1.- -.J1.-l.a 1....11....11....‘ 1.--.11.- -.J1.- -.a 1.--.11.- -.J1.-l.a 1.--.11.- -.J1.-l.- 1.--.-1.--.- ] 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.a 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.--.-1.- -.-1.-l.- 1.....1‘..r - ‘l.l.l.}.l.}.l.}.b. iy "
...H....H...H L et e et B et el et e e et e et e e et el e e el A et e e e e et et e et et el e oS et et et el et et et et et e e et e e e e el et et et et et et et e e et el et et e el et et et e e et el et et e el e et e et e et e et et el et et e e e et e e et e e e e el " -_H;H...”...H...H H....... . 3
Eaals BB B & i ki
T, . . . . L
o) Lea e ", P S S S T P

)
2,

iy dr Cde i b i

i dr i e

e LA N XN KA
L
.._......_......_..._..._..._..q....._..._..._._........_..q.._........H_..”kH...”...”_...H...”...”...H...”...”.._.H...H...”.._.H...”...”.._.H...”...”.._.H_..”...”.._.H...H_..”.._.H...”...”_._.H...”...”...H...”...”...H...”...”.._.H...”...”.._.H...”...”.._.H_..”...”.._.H.._.H_..”.._.H...H.._.”_._.H...”...”a.H...”...”...H...”...”...H...H...”.._.H...”...”.._.H...”...”...H...H...H...............L..............H&H...”...” LAl .._......_......_..._.H...”....._..._.H.._.”...”.._.H_..H.._.”.._.H...”_..”kH...”...”...H...”...”...H...”...”.._.H...H...”.._.H...”...”.._.H.._.”...”.._.H_..H.._.”.._.H...H_..”kH...”...”_...H...”...”...H...”...”...H...”...”...H...”...”...H...“ .
E W N N N N N N e N N
L Y N N ) N N N N N
iy Wi dr dr dr dp e p e dp e e dp e e dp e e dp e e iy dp e ey dp e e e dp e e dp e ey e ey e e e ey e e e e e e ey e e e p e e e e e e e e dp e e > o N N N  a  a  E E aE N
dy iy i gl iy dp i iy iy iy e iy i e il iyl e iy e iy iy il iy ey e iy dp e iy el i iy iy i iy e e ey el e iy il e iyl e ey ey il i e e ey e iy iy i ey iy iy p e iyl iy iyl i iy il iy e ey e iy iy il i iy e e ey e e iy iyl e iy il i iy e ey el e iy il i e e ey e e e
EaE P N N N N N N e N A N N I e N N e N A e N NN W i I N N e N e N N N e N N N e N A e NN N N e N N N NN N NN A N NN NN NI NS
. |




Y N

EE N NN
] HHH”H”H”H”H”HHH HHH X, HHH E ]
o, HHHHHHHHHHHHHHH HHH . HHH E
. HHHHHHHHHHHHHHH HHH . HHH E
L
HHHHHHHHHHHHHHH HHH . HHH . HHHHH’.
oM KN x, x, XXX N
A M MM M N M N NN E NN
N . . A
oA M MMM N M N N MM N
HHHHHHHHHHHHHH HHH . HHH HHHHHHHF
o,
.

A XXX XX .
PEM MO M MM M MM NN
E N X
PN MM NN H
o, .

-
.I. E
......"...-.... o A
ey e o

[ ] [ ] -'I'"II.I'
e 2 P o T s J LA
-_-.I-.-.-_-.-_ -_- -. nr.nxuxn o .xnx ; e ; ]
e : KX
e
Rl
e
e

R B
[ ] [ ] [ ] [ ]
...."wﬂ".".. ey oy ..ﬁ.”.ﬂ..h............u ....”ﬁ *

s
Mo o A A MK N
H
-
Al
Al
|
Al
Al
Al

|
|
|
|
Ml
A
|
F |
)
o)
|
|

-
E |
|
|
Al

)

>

)

)

L
E
Al

HHHHHHHHHHH oA M N Hﬂ! HHHHHH *
HHHH A

XXX RN

o
Hxﬂ
x
"H
X,
"?l
o
X,
x
o
)

Al
Al
Ml
Al
1)
M
Al
Al
Al

'I
o
<
:: J
.
:
|
<

|
x
-
-
x
Al
Y
Al
]

i

X,
> ?ﬂﬂ?ﬂ x

AN M M N M N N

i
X

a:x

o

o
FY
]

- |
H
FY

N
Il!xﬂxﬂ

Y

P N N N R

o)
o)
o)
|

L
& i‘i‘ -I*i*i#i#t*iﬁi*iﬁiﬁi#tﬁi#i#
R AR KK KK
xﬂ”ﬂ HHHHH N
FY

.

o A W B

P e T L A
e e e s s ax

- & a M b & & F a

it e T . .

Ve R T ety

-
B T -

L)

L)
FY
&
&

ax
i i

N

»

»
E
»

4*4-:4 )
»
&

»

)

»

»

-

Fy

E N )

PN

»
X

N N N N S Sl )

L)
3
ir i
ar

»
X
*

n.-l....q“...“.q“.q“.q“.qu.q R
o F i koA

e M .r.__.,...,.___._.. }..}..#.“4”4”4”4”4”4“4” H ” ” H H

L L A A L T R T L o AL sl al el s ol
R O I IO e by iy T
00 0 Al D i LGN AL AN AN
e e P L
) o -._._-“I.__.l“ NN o ® e P Il o T
el i

A R

LN e )
-

)
ettty
A

*
ir
ir

N
E N
Lt
Fy
NN
x
AN NN
x
&
3 )
&

N e e
Fy
Iy

»
X
Eal s
El e )
i
X
o

-
»
E N N N

X E K N K NN
A e

)
i
L i e i

F A N

)

)
MM N N NN N NN N M

MM M N N M N N M N W

&
ir
ir
ir
ir
ir
ir
ax

F
)
P )
F
¥
)
F
F)

»
E I N G

4-:4
P
R A )
E )
o e e
xxx:ux:!xx:!xxx:vv"i:
e e e

X
x
o
Ea )
X

Fy
K XK K XK KN
Fy

&+ % X X X%
ity
F Y
-
F
.:-:'::x
A
A
Al

EY
)
EY
EY

ir
ir
ir

i dr
&
i g

X
)
X

i i
ks
aar

¥

X !Hxﬂn“a"a“annna“la
WX EE R X ER
oA e,

o rxr.xxxnaaaannnaal

E I i i i R i
]

A M M M M M M M M M N M MM W N

S N
Mo oA MR N X MM A KA

[
F3
[3
[
»
E

HF'H

L

)

'H!HHHHHHHHHHH

Ao A N A A M MM

ks
L

Ll

X &K

]
I )
)

ir
X

Fy
Fy
Fy
T
x
)
1)
X
A
k]
)
>
o
L
.

Fy
S S S S N N NN )

X X X X

¥

¥

F3

X

¥

¥

X

¥

F3

F3

F3

F3
###4‘#4‘4_###4‘##

44-:4-444-444-4
&
x
Y
e
EY)
-
X

X F B XX
Y
)
-]
Y
)

R )

F
F
F
F

XX
»

i e e

-
i
»

¥
]
E
F

F)
y
)
X
Fy
F
)
Fy
X
F
Iy
F)
XX
L)
x
XX
i
x
e
e
]
E

»
an
X
x
F
X
X
i
X
et

X X

X

X X
XX

X ¥
Tx
"H

HAAAKXNNNN
d e i i i e i
B e i e e

el ol el
o dr e e dr e d ke d d ok
W i dr oy iy
& dr dr e e dp o e dr ke ik ke
B i dr e 0 e e
LN
.4H._..”..”...H...H.q”...u...”...”k”.q”...”...”... e
d e d e d d d ek Ak ik A d ok
O S N e

¥
i
w

i
ir
I
i
ax
I
i
ax

Eal
ettty
X
X ok ko x
ol af af al e )
F
x

F3
F3
‘e

i
i
ol
i
L)
¥
FEEEXEEEEELELEEEREES
Fy
+
i
¥
o

S

i x

i

»
¥
¥
¥
¥
i
™
¥
¥
¥
¥
i
i
™
F )
Ko E X EEEEREE RN RN RN N E N b
X
P
e e M
X
o
Iy
"

i
T e e e

X

N A S e )
¥
¥

Rt R N R Nt R et e e e )

F RN E RN E RN AN
F

o e R
i d ki
g

i dr e drir

LU L LU NN NE NN

X X
[
»

F

)
-
i

™
Fy
e

ax
I

™
)

';llH'll!'ll J

X
i
*x
EE N BE E NE B0 E BE NE SE NE A N A M A )
o
e N )
i

e e e e e e e e e e e e e I e e

X R R R R R X K XK N RN NN
¥
Fy

o Al

¥
F3
»
F3

»
F)
¥

FEEE R EEEEE RN RN N
X
x

S )

Fy

¥

F)

ol el
F

»
F3
Fy
¥
Fy
»

i
ax
I

»
¥
F3
¥

R )
x
Fy

)

X
X
¥
»
F
F
¥
F
F
F
»

US 10,610,311 B2

»
X
i
i
I

ir
ir b
ir i
™
i

¥
X

F3
F3
»
¥
»
F3

[}
X
X
s
F3
[

Fy
F
ol al al el el

¥
»
Fy

»
F3
¥
X
¥
F3

»

E)
F
X
»
F
F
»

¥
F3
Fy
¥
F3

X
¥
»
F3

»
F)
¥
)
F
¥

e

¥

F3

Fy
F

¥
F

ENE)

L)
X
X
X
X
X
X
X
X

¥
F
F
¥
F
X
¥
F
»
»

ir
i
i i
ol

»
*x
F3

¥
F3

F3
F3

Fy
F3

¥
X

F3
¥
Ea)
F3

F3
F3

F3

L
F)
¥
F
F)
¥
F)

iy
M AKANI
L JH...HJH...H.q”
B AR
EAAR
o AN N
RN NN NN
B ey
....

x
x
ENE)

H._..H...H._..H...H.qH...H...H...H...H.qu.q”.qn.q”#”&”&”...”&..r
e e e e e e e
dr e i e e e e

F3
Fy
¥

L)
X
X
X
ar
X

[3
F3
X
F3
»

L
X
¥
F3
F3
¥
X

L3t
X X
X K
L
X X
x
X &
i
X
)
Ny

¥
F3
¥
L |

L
..q...kH.,_.HkHkH#”._,.HkH#HkH#H#H#H#H#H&H#H#”&
o e n N
EE o N N N N N
o
I P i N N D NN N I N NN D P

e e e e e e el
e
T

»
»
L
L |

-
X
¥
X

F3
Fy
¥

ty

»
F)
¥
F
F
¥
F)

ol
-_-._"._.. e
e
e
SRR

»

¥

F3

F3

¥

¥

¥
)

»
»
»

»
X
¥
i
X
¥
»

S

L)

-4*...&&&..“&”...4*

)
L)
P
Cal;

»

:
™
i
*
o
e
|
o

F3
F3
¥
¥
F3
¥
*
L |

BORCE X NN KK X XX X X XX
-
]

&

Eals i
-............H...H...”.........”.q.........
o A AN M N LA
B e e e e e e e e e
) iy e A

i
BRI AN NN NN
i oaox

™

L)
X
IS
i
Fy
¥
»
HHH

X
¥
X
¥
F3
F3
F3
¥
X
X
¥
F3
F3
F3

L)
X
)
)
SN

)

)
I
F3
'rJr

)
¥

X
F3

X
Fy

)
IS

)
F3

¥
I3

)
I

X
F3

X
Fy

F
¥

X
F3

¥
L

»

F

¥

)

F)

¥

F)

»
»

L ]
-H
M

A

»
i X
X ¥
i
Ea)
™
i
¥
» X
Eal)
¥ K
X
X X
x
X X
)
-
et
)
a0l

SR
M

[}
X
Iy
)
X
X
)
Iy

LA S e ol
¥
M,

F
I
¥

X ok kX
¥
¥

X
X
¥
F3
¥
F3

LA NN

)
)
»
F)
X
)
L)
F)
)
»
] t*i
Ml
H"H"HHHHH"HHIE

N
]

[ Y
Fy
F
Iy
F)
X X
XXX
i
FY
-I-b.-b*#
F

¥
™

o

ok

W% i i i e
i

F3
F3
¥
¥
¥
»

LN )
L

»
L LU L G L
A

»
Xk
X d o

o

F)

i

i

X

x

i

F)

x

X

F)

X

i

F)

Al_ A

A A A M A

L)
F3
F3
F3
F3
X
¥
¥
F3
F3
F3
F3

X X
F) E)
BE R R R N R R N R N RN AKX

PN
)

i X
F

Ea)

™

X

¥

X

e

¥

i

¥

¥

¥

)

i

¥

¥

o e
X X

)

B4 ki .._.H...H....H... i i ...”....H.qu.___.-_
B e e e e e e e
i

O N et ]
o
PN
T
x
Fy
F
™
I
X
™
Fy
L
¥
»

»
-
¥

L
I
5
F3
X
s
L3
£
L)
5
X

i
i
xox

X RN
L

»

F

)

Iy

)

»

L

F)

et e

F)

i

ks

L

Eals

Eals

Ea s

X kX
P

™

Ty

FY

F

¥

¥

¥

ks

¥

ot )

X

™
Fa

W e dr e dr e i i e i
Bk ki .._.H...H._.r... X ...H...”#H;H.___
B e e e e e e e e e e
o A N N AN M
B e e e e e e e e e e e e
B e e e e e e e e e e e
¥

X
¥

X

i

x

i

X

i

R

F)
L g

I
5

XX
P )
P
Xy
™
™
N S N N ]
W)
¥

"r * B
RNl
™
s
Eaas
E 3l )
X X K X
X X K ¥
A )
X X X X
L
Pl
>
ot
X X X

L]
5
X
L
&
&

FY
B & b X oax kb
1)

X

W

v

X X

x

¥

¥

¥

F

¥

Eals

L

¥

L]

L A N N N

]

5
F3
i
s
s

iy dp
e e e A

X
X
i
F
£
»

Bk i ...........H
b NN N N M N
I

]

L)
a
X
ar
X
L}

L)
I
x
¥
ok kK kKN
i
»
X
i
¥
X
X X
»
)

L]

| NN NN N M NN M M NN

RN NN N NN R M N M)

»
)
RN

)

P

L
»
X
¥
)
¥
)

L

s

-.._......._..._.H
Wiy dr dr oy iy i e

e e e e e e e
Ca)
I
i

i ...”...H...H._.__-_
)
P

Ea
i iy e i

¥ i k&
oS

)
P
)
r

)
»
X
)
Iy

'
'

'

'

[0 m '
Ll " ’
e _ _ S .
dr i e ) Cwoo "
'

'

'

[

'

'

d

y

r

x

¥

[

i
Pl
X X

»

b

»
X
¥
i
IS

)
X

| o AN N N
B e e e e e
B e ey e

™
RN NN

o
" dr e e e d ...H.,.H*H.qn.qt.q”......
I".q e e e e e
e N N D N N D E NN D
o
”.......rn...n...n...n H H ” H H...H...H...H...H...H.rﬂ.r i
Bk k ok Nk kN e e e
e e e
o o
o .__.*H#H._,.H._,.H#H&H*##Hkn.annk”*”...”&”k”
&
e .rH.rH.qH._,.H._,.H#HkH.qH#H&H.qH#t&H*H...H&...-
N N kN
o el
N N st
R kS o
A e e e e
N N N
I de a0 e dr dp ek ar X e dr
X e e e a
N N e g g
Eaa) .rH._,.H#H#H*Hkn.q”t“#”#”*”#”kﬁi
& o
EE ) .......rk...............#.q......k............ A

F)

-y
& ar

e
X X ¥
¥
i X
i
™
Ea
X &
X X
™
Pl
X
o
)
)

Ll IE & & % & N N & N H

L L X F X X X NN AR . ..

L X N E N M NN MR - - . N U N )

TR A N A AR ' .. .. e i

& b - . . " s bk bk ok h
NN N

rhon & ay x

F)
L
i
'r#
)
L
)
i
i
I3
)
I
X
X
)
i
)
L)
Ll
FY
H

M A AL
W & dr o de iy dp i e i ke
| A ...H*H... iy iy dr ...H...”...H...H
o B N N N N NN M
B e e e e e e e e e e e e e
B e e ey e e e
iy i iy i e
MK i Ea At
i i HH

B i X

& dr i

i
| 3
& d ik
iy i
& i i
& k&
i
L
&k ik
.k dr X
o B N N
Wy dr A el ke ke
_-.....q.......H...H.....q..........q
iy dr iy e iy

i i
)

Iy
oo o

s

& & &

............H&...&_..n&
>
a0

)
)
)
&
)
L)
Wi i
i
)
W i i i i e i i

I

X
N N e
Wi i

A
b e e e e
W i i i i i e
i
._._.q.q

i
i

& drdr

& i

L

X X
i
)
X X
A
!

)
L
L g
L
)
i
ey
I
)
)
X
x
F)
A B EE I EEEEEEESEEEEENEESESNEEEEEEEEENEEEENEERENNENANEENR
»
)
X ¥
Xy
o
& &
-
&+

e
e

Tnn

F)

e T ey
P
El a-:ar:lr*k*ar
Xk Nk kN
¥
Ll )
F
¥
¥
X X
)
)
.

]
]
ot

e

4-:&: o
R K e
L
Eal
Ea
i
i
¥
x
i
™
i
a

e T e Yy

e e e T e e T e e e

¥
¥

Fal)
X
X X

EE et

Xk

) ¥

NN NN N NN

I.-..r.r.v.....t.... M

L
F

".__.........r.._. Ty

™
o

......
F
-....qﬂ_.k

a
i
L)
ar
X

X
s
I
s
i
s
F3
E

E

A
X

¥
X

i
I
i
i
X

[}

I
»
Xy
i
X
N N N N NN e N SN S N SN N )
.
a
>
L)
AN

N )
»

L)
X
x> ¥
e
Pty
P
ok e
A B oM
X

)
e

I
F3

H..q e e e e e e e e

X
-

"
||
L ]
s
¥
i
s
I
[

dr i iy iy e e iy e e
i i

s
'
[

d
i
*

d

ol e e e a3

X
)

I
i
ax
I
i
ax
I
i
x
i
i
ax
i
i
ax
I
i
ax
I
i
ax
I
i
i
¥
i
ax
I
i
ax
i i
J.b.}.}.}.}.”}.}.}.}.}.}.}.
}.}.}.b.}.}.}.}.b.}.j.l.
i
ax
I
i
ax
¥
i
ax
I
i
ax
I
i
i
I
i
ax
I
i
ax
¥
i
i
I
i
ax
I
i
i
¥
i
ax

¥
¥
L)
PN )
N NN
A

i
HHHHHH?EHHHHHH
]

)
N
o a

L A AL

¥
¥
¥
‘e
E |
L)
L

L)
i x A A R S AN
.-_

X

)
X

N N
Xk Kk

o &

e

»
)
X

i dr

X X

¥ x
P

Eas

Fy

Ea

2

)
P R R RN

¥

ir
X
ir
X
ir
X
ir
X
ir
)
ir
)
ir
)
ir
X
ir
)
ir
X
ir
i oaox ;
H.._.......... ! .xxx
H ..HFHH”HHHH .
¥ .”.JFHHHHHII
i |

X

ir

X

ir

X

ir

X

ir

)

ir

X

ir

X

ir

)

ir

)

r
L
i
Fo)
¥

¥
M
L ]
F3
r

JH.qu...HJH.._”...HJHL._ ol ”.
& & & & & & & & & i
L 3 M )

ok e k& & i
S R i & & & & & & & &
P 3 M N
=k & & & & & & & & & &
ok o k& & i
B 3 A MU )
ol e e e R
r i dp & i & & & & & i
O N R N M N
a ke & & & & & & & dr o dr
o i i & A
EC A )
o e & g k& &

i o & o & & dr i i

P R e N N
w e o & &k & ki i
L [ - o k& & s
U.FHH”.H.HHHI d I i L P - - - P - . o F B .U-.”.-.”.-.“.-.”.-.”.-.”l.”i”.-.”.-.”.—.”-
ol g i i, o k ! . Lo .. . T N Ml N N
] Mo N M - Jra 2 2 =k oax - e i & & & & & b dr
.-_I-. i i Y L N T rod & & & & & & & i & & =
" HHHHPHHHI ’ ...l........ll........r.......__.n....r.......__..-l.b....-.r .-rl..-.l.l.i.-.l..-.l.l.l..-.l..-.l.l.l....l...l.}.-
o S & i & dr dr o0 o0 A =k . o e & & & i & i dr iy

- dpdp dr dr by Jp dp dp dp de § b U b de b oa w ol d Ak Rk R ks

3 J dp dp Jp A dp o dr M dr o dr b b o dp b b b e a0 o e o & iy

3 i o X dp i dr & dp g dp bk b e Ak on o & & & X s
Wy i A W dr iy g M drow dr e k. e i o d & oy
dp dp o o dp o o & dr dr e dr b or 4 b w o & kR k& & & & A

& & B g dr Jr b dp i & & dr ok A b dr v Jp e & & & & 4 o & & i
dp dp 0l e B iy dp e dp g b e A d gk

e & ok &y dr o & o & & Jrodr dr i B o & & & & & & & i dr dr
il..-.l. L AR s el s

EE N R N

A
FY

u

rox
i
i
i
F o)
X
Pl

S

ir i

FY

E
x

E
.
Ml
|

AAaAa A AaAan
»
L

)
)

o

L)

T

I

¥

Xk k& k
LN
Fy

i
P )
X

i

¥

¥

¥

¥

b

*b

e e e e e e e

i dr
i dr
ay dr
i x
X &
i
i x
s
s
i x
s
i
Pl
s
X dr
i x
P
i
i x
s
s
i x
s
i
Pl
s
s
i x
s
s
Pl
s
s
i x "
s [
i -

bt e e e e ke e
s
s
Ll
P
i
Pl
s
s
i x
i dr
i
i dr
s
ol
i x
s
i
Ll
i
s
i x
s
s
Pl
s
ol
Ll
P
i
Pl
s
s
i x
P
i

K xx
XX

X
X &
¥

dr iy i e i e i e
)
i

X
)
X
)
)
X
»
»
)
X
F
F
H
]

N
’?ﬂ x

H"i!

H"?l
=

¥
EE kg
Eals

™

i

xxE

i

I
i
I3

i
IS
I3
'S
r
¥
IS
i
L

)
i
s

i
CaE)

X
¥
¥
X
L
¥
X
»
¥

o A
r

%y

; )

Eals
o
i
Pl
EE
i
Pt
™
i
Eals
J""'Jr:arlr
s
¥
™
i
%
Ealy
2

PN
¥
i
™
¥
L)
»

D S )
-

......H...H............&.q...
M AL LN N

A e d
...&Hk”.............q...
M AL AL NN A
iy dr e e e

....H....................._....

X
X
F3
¥

PN NN NN N N ..........H...H...”
F ol o o A
P N NN N N e LN o

H
o
-
.

EY
FA Y
M
F

M

|

L3
s
H
H

i
Xk Xk
Pl
™
I
EE

¥
P
e
L
P
Es
i

e
ol
X
P
AEE
2
A
M
X
A
N WA
A
I
Y
e

k.
L
A

LB B W W W N
)

¥
E)

i a e x
i
P
N )
»
)
M
o
x

o

EY

X
2
*
|

i
|

)
)
X
X
i XX
F
FY
FY
FY
A
PR
H

Sheet 2 of 4

X
XKy

X

e

»

i
X
i
X
i
x
i
X
i
X
i
x
i
¥
i
X
i
x

....
N N N N N N N N
ERC N ¥ i i
o e e ke e e e
Jrodr dr dp dr dp dr dr e dp dr dp dr dr dr dr dr dr

“.... > .r.....r”.r”....“.r.......”.r b o b dpo b M .rH.._. ™
e e e

X
PN
»

i

i

E)

p

)

Y

o

o

)
XN
iy, |

|

P

P .r.....r.....................r

i

i

"

)

¥
ol
X
)
I
)
™
¥
X
)
Iy
)
™
O ST NN D S ST S NN
gk
e
Iy
)
»
X
x
Iy
»
|
»
)

s
s
[3

I
¥

PN N
X X
ety
A
XA

-
Pl
Eal

x>y

Fy
IS
i
F
F

¥
¥
¥
¥
5
E |
o
o,

i
i

XX
»
)
»
Ml
Al A
P
H
)

H

¥
-I‘-I i‘l £ |

¥
EE
LN
¥

N

)

) a
o e A e e R P R pe R A

»
¥
¥
F
P,
F

i
PN

I dr ke a x K
»
)
X
X
-]

Y
i
]

Fy
X
™
i
X
Fy
X
]
P,
M
|

....
.._......_......._..._..._..._......r....
e e e e e e e ey
N N NN Nt NN N e e
A e e e e e e e p e
e e e e U U e e e e e e e e
.......t.v.r.t.r....t....r.t.r....t.._..r...........-.
i

ok
»
i

i)
o)
]
)

¥
g

o e a
......H...H........q.........
e e e e e
u e i i i i i

e
EaE
EN

X dd oy

Fy
-]

-
o n
)
X

2
|
o

i

L

¥

Ly

Jr:JrJr
X

N

L

¥

L

i

¥

************

i

¥

¥

F

L)

i

F

E

E A
-5
H
Al
I-I

¥
X
¥
X
¥
¥
»
£

M
?ﬂxﬂ
Al

™
¥

)

¥

i

)

™

i

™

i

i

¥

i

NN N N

Ea el )
»

i

o
i
Pl

A

i

L ]
H
|
|

¥
N e

NN )

'
"
¥
X i
X
¥
¥
X
¥
¥
¥
¥
-]
-
-]
o,
E |
-]
A

L]

P
e
Es

)
)

* Ty

E)
dr iy i e iy e
EN)
Ea)
i

A
A e e e

)
i
r
i
i
r
r
L
i
¥
i
r
¥
L
i
r
o)
Fr
gty
NN NN
L L B N N BN
»
¥
X
X
r
r

L

¥
Rt .........H.rH...H....H.......r.............q
F) )

o Ty X
™
R N e e e
*
i

Jod ok kM

)

i
X oA
M
X

i ar
dr e e a
dr e

i i e

»

'.*'.
)
oy
x
i
EE NN NN RNl RN RN R RN I E R R R R R RN RN
»
i
N )
X
LA
| I
b*b
n
A
|
|
LA
M
|
M
|
|
M

X ¥
x
X
|
|
|

i Xk

s
......H...H...H...H.rn.r ¥ & kK .._.H...H....H.rn.......r X koK
e el g
.._.

&

¥
e

.*'.
L)
&
™
I
N A
X X
X
)
)
|
|
]
M
|
]
|
|
M

)

Fy

)

¥

i

EaE bt o
Xk kX

X X KX

»

i

F

|

|

|

X ¥

i

™
i

™
o
iy i
dro e e e e b
X K

i

™

™

»
»
H
|
A
Al
Al
Al
Al
Al
Al
F

»
»
i
P
I
i

i a
X
)
)
)
F)
X
X
)
X
F)
A
A
A
M
A
A
P,

]
L
)

X

oA i i
¥

»
L )
»
X
i
)
X
i
»
L ]
'y
A
-I
||
-H
Al
Al
"ﬂ
Al
Al
EY

- .4H&H.-HJHJH;”#“#“;“J“&“;“...
" E R C BC R R M A )
S R RN N
L 0 B 30 N M
L R N N
L B R AT NN N N
E e M
Ll 330 aE M 3 a0 M A
Lo el e
Ll Al U )
L e 3l E al al 3l
M M MM B MR

O
g
L] EE L ¥

Xk kN kN

o i P
.4.4 ¥ o B e e
.4.4 .___“.4 .._._...................._.................

.-_

N )

S e e )
|
|
)
X
|
)
X

S S e e )

- ‘ s
i
x
i
X
wratat
A
A
Al
Al
A

Ty
P
i
™
s
i
ol
|
|
L
|
|
L
|
|
L

I
i
I
I
)
Fo)
I
Lt
i A
o ol Rk
EE M
&
e
e
L]
L)
Al
I-il
Ill
I"H
A
Al
H-?l
I-il
Ill
I"H

)
X
)
)
A
A
Al
Al
A
A
Al

E)
-IiI-II-I-IiI#‘#I-II-II#II#
b*b
||
I-
5
L
A
o,
ut
H-
|
|
o
A
o

L

E
X
)

l-

X

ir
ir
ir
ir
ir
)
)

ir
i
i
P
i
.._.44H.4
L
i iy iy
o+

i
x L HHHH
o

Fy

L)
»
|
A
Ml
Al
|
|
A
Ml

- ]
S

¥

™

E

X X K X X
&

Ea)
Iy

FE N EEEE N R EE R R R RN E RN Y
M
X
)

ks
E ol
Ll ot o

XX N X N XK KX
¥

¥

)
¥
Iy
Xy
O NN
X
k:ra-:ar*lr"
iy
ey
x

iy i iy i

XX
»
&
Ml

A

Ill
E |
Al
|
Al
Al

»
X
*
X
X
*

I.
I'
e

oty
»

¥
X X KK
.
.
|

»
»
»
»
¥
X

)
)
i
X
i od

RN NN

X
L3 _..H...H&H...H& )
H ”_...q._,...q....q....q i i
X
Cal

»
»

"HHIHI-IHI!."I"IHI"

x
L)
L)
XX
X
X
i
i
x
X
»
A

Al
.-l!"
X,
x
Al
X,
A
X
|

s

SRS,

F3
Fy
F
F3
X : o)
i
i
X
i
?l:?l-?l M
oA A I-llllll
A
F
Al
Al
Al
|
Al
EY
Al

»
»
X
¥
»
X
B
¥
»
¥
»
X
B
¥
»
B
ey
ER N )
»
B
X
¥
X
¥
¥
X
»
X
F
P,
F
A
A
A
A

u i i i
e
L) W i i i e i i i

.*'.*.
rE
X
X
X
X
L)
i
¥
i
i
¥
AP AL MRl
F )
i
i X
F )
X
A
|
)
M
|
]
M
M

Ao
LN )
i
i
i

ol b at F  a
)

X
"
|
)
X
)
*
|
|
)
X
|
.
e

X%
X
x X
X
Xy

F
X
XX

Fy
L ]
X
™
i
i
™
i
ol )
E )
i
x
XX
Al
-
W
x
o,
.
.
H
-
|
Al
A
Al
Al
Al

¥
F
X
¥
F
L
L L B B N N B BC N
)
)
)
»
Fy
¥
i
XX
Illlil‘li‘llll
A
ey
H’HH
)
?‘!x.
HHHHHHHHH‘I
F
x?l
Ml
M
Al
A
Al
Ml_A

EY
F
o
Al
A
F

... i i g ...H...H.rn...u T H....”.._.H...H&H&H#H#H&H*H&H&”*H#“&H... Fy o
o
e o o e T [ N
ik . AR e
i i
¥

I b dr ke e dp dp iy oy dp e e de iy ded e dr e e e e
dpp e e ik ey ap ey iy dp ey g e e iy o i
i

¥
¥
X
¥
»
¥

T T
KERE XXX KX N

"

o
)
|
M

F)
F
X
)

*
[}

......_. .......&.4.......444.444.44...
F

i iy e b i b dr dp dp dr ey el e ek ke *atet MAKNNN NN

L L) T o

¥
Fy
F
X K
Fy
Fy
»
Fy
¥
FY
Tataty
-
e
L
s
o
.
'

»
F3
F3
¥

RN )
|
X

)

X ¥
X X
XX
X ¥
X ¥
»
&
i
»
»

L e S
|

»
FY
-
»
i
X
F
i
¥

o

X
F)

ERE
.
o i)

»
»
E
xx
»

X

¥

F)

i
)
P

»

Al

Ca ) : A N T 41*...1&H
. X X e i i e i i e i e e e W R X i i i i
.T . '
###*###.«# . ##*#######&###*44444; #...### .4&......&”;#&............;...

»
= N
-

¥
¥
¥
¥

)
X
X

)

Wiy dr ey iy
: EaR N ) o I N N A N i iy
o o J
e Ny ”._,.H._,.H..qH._,.H.qH....H.qH.qH*H&H#H*H&H;H...H&H;Ha“;“;“ oy i i .q....qn.q o A NN
e e e * i
Eals iy dp
I

X
X
X
¥
X ¥
-
Ea)
o

¥
)
L]
)
r
X
)
F)
X
)

I
i
'
I
i
X
"#
o
y
L]
»
F3
Fy
¥
F3
X
¥
F3
Fy
¥
F3
Fy
»
»

i
L
X
r
)
r
r
X i
¥
X
»
X
F)
)
X ¥
X
X
»
F
o

X
)
i
X
&
¥
F
F
¥
F
X
¥
F
F
¥
F
F
¥
»

X
i
IS
F3

....._.._..4... .._,...............................................4.444
T R U R U T o
PN N N i d kO kk ko NN

F)
I
)
i
I

e Sy
ar T e T e i Tl N e ) N ar  a a ar a ar
R N R L " i ) A e e e
L o o e b ,

v R RN NN NN NN NN NN NN “””H...

N

i
i
ir
i
i

B : % e

.r.r.r.r.r.._.rl..-..... . ....

.._.

....

....

....

.._.

.-.

L
i
'
'S
F3
»
F
¥

Fy
»
¥
F3
Fy
¥
F3
X
¥
F3
Fy
¥

¥
F3
F3

)
ir
)
)
X
ir
)
ir

ar i

ar i

)
ir
)
ir
ir
ir
ir
ir
)
*

Fy
Ea)
F
Fy

i
X
X
X
»
¥
F
F
¥
F
X
¥
F
F
¥
F

ax

X XX

dr i ip i i i i i

¥
»
&
A
E |

)
F
¥
X

*
*
&

i iy e i i e
el
&

Fy
P
L

el Y
Eal o
L
X K X K X
»

»

-

|

LA

M

)

i e e

F )
»
L
&
|
o
M
)

B
»
L )

X
»
EE I I
HFEEEEEYEEYY Y EEYEYEYYEEY Y YWY YEYEWEY YWY Y
|
A

X
X
¥

)

»
F
¥
»
X
Al
-

i
X
™
; ",
N W i g & e & A ey dp ik ke
o bk b koA M b A o0 o M
: Ta R N T a aa, e dr A ...”.... LA
i
i
i
i

»
|
Al
Al

¥
¥
F3
»
L ]
A
A
E |

X X
)
¥

n
]
M

R e s ) )
R ) e e e e e e e
k' .

»
Fy
¥

|

-I
Al

HH

)
F)
¥

EY
X
)
XX
»

R )
o ke ke d d ke iy e dr ke e d Ak & &k i L)

]
.

Apr. 7, 2020

X
A

?l!?l
o
"H
Al
A

»
¥
¥
¥

()

&
B
»
»
B
»
&
B
»
»
B
»
»
|

ok kr
o ar
i xr
i odr i
ar e a
i i ar
ok kr
ar iy e
i i
iy iy i
ar ir i
i i i
iy iy i
i iy i
i i i
i e dr
s
i i i
i i
i i

RN S S )

N )

L ]
»
»
F
»
»
»
¥
»
»
»
»
»
ARy
L

xR R

X 2 2

0 R

I I N I A
2 b
" o

[ ]
»
F)
»
F)
L )
Ly

I I e L 3 0 R
e e a N  a a Ay iy g e g iy ey e  a a  a a
SR B e e e a e e o e N e
b b b W ok o o M ol
: Tara E e T e PN ) .4”.__..4.4 )
[

™ ; S
N X KA
nnn“n“n“a”anx R o P R nuxnann“n"nn X XX a"n“n“n"nnxnann
ZX X XER XA XXX XX AEER XXX XXX XXX XXX X XT
X R R KX KX T g L

)
E )
)
E)
X
o
»
A

»
¥
»
EY

»
»
»
»
»
»
»
A
-

3
] .._.H...HkH...H.rH.._.H.._.HkH*H...H...H...H...H...H...H...”&H.qu...”.q”.qu N R ._._H.q”._._u.q”.._ ._..“.___ Ll .___”.___
T T E N D D NN N DE AN N o e O A MM N B A A M NN )
.._H.rH.rH.rH.rH.rH...HtH.,_.H#H#Hk”kn#u#”.q”*”&“&”#&&... L) L ; i | ; ; ! ; P oo e e e ™
LA 3 3 a0 0l ! g : 4 :nanannaaaal"._ﬂn
L) L)
*

L
» &
L
Lt
L
%
N )

»
»
»
»
»
»

L ]
»
L
»
L )
»
L )
L )
L
»

»
B
»
»
»
B
»

]
»
]
»
»
»
»
»
»
]
L
»
]

[
e el ey e 0 e S0 dp e dp e e ey & % i
.._.....rH.rH...H.rH....H.rH._,.H...H...H.qH...H.qH...H...H...H...H...H.._H.-_ e G e e e e e e e e e e T M T N L ; . . oy i i ; o aaaaxnaa"a" Ly’
N N ) W e dp dr ey e dp e dp i e L 0 3 3 aE B M ;! ;
e a e e ay ap a iy  ied W iy dr iy dp iy iyl i e iy ey e e W e
e e & d ke dd ko Jrod o dr e d dp ke )
o e e iy dr e ey i iy il i e i e e e
o e g ey g e g iyl iy L M i I dr dp e

O dr ke dr iy e dr e e de e d dpdy ey e e dp e e kel e
N e ) L ) i dr dr dr i
N N ) dp dp ey iy i iy i

B, e e e e e e e e e e dr dr i
dr e ey Ly e iy sy e e ey dp i
I dr U e dp e i iy i iy ke b kA

A dr T ar e p e e iy e e i

N A N )
I dr U dp e dp i e iy dp o e e i

»

& g
X X X i
d g

e
M
i
L i

W e iy i
A

Al ol A A N M N N A
N NN N

; A
B E R
—_l.—_

HHHHHHHHHHHHHIHHHH!

Mo N M N N NN N H
o e,

i L i oo R KRR NN

.r1.-_.-_.-.l_r.-_.-.|.-..r .._.... . .. .. H.H.HHH.HHHHHH

.
X
X
L)

P F - C e e e . . A e e e e e - r
o e e
LN

.

o
»

»

Lo n...n.._.n.......r.__.rn.r.__.rntntn.._.nnn.rn.r.u.r.__.r.u.._n.._.._.:.....

S

LALLM L)
A Pttt

* e "
L A
A A A A A A A A
PR R R N RN
n
..

o
X XX
X X
)
X
N
RO
#:4:4:4:4-*"-*
ER )
A

»
& &

[}

N
A AL A A

A

M
oA
X

-

A
A

A M

M A

E N

Ml

E

Al A

M_ A

FY
I-HIIHIIII

L)

L)
[Py A e P, o o a ad
-

=
E i E b A
. HIHHHIHHHHHH IHHHHHHHH F HHH H
x = x
B

N
M_A_ A A
llﬂll
A A M A
Ml
|
AN
|

)
T A A i
L !

L L L L L L L F A R

A o LA W

)
o xR
L) AEA L LA 4SS o
L)
)

Al
A
A
b

'y L) -
" LR e N S
LA A
Al e ) Up R e e
.......4_....__....._...44....4#...._._.._ .. . .4...&.4......##&&...;.
.r

Ml
FY

i & .
Tttt "nux“n" "n"
) X E R x

"' . III

A

Ml

E N

Al N N
l!xil!’ii!

FY

[y

L] o X & ki ; L N
. ] )

”.._”...H...H.q.___....___.q._.. o e P AN N N N N D

LR ¥ i a

RN NN NN NN NN N L R NN -

L aC A M e e e e

L o Y .._.r.r.r.r}......r.._.;..-...r.-...r.-.-...r.r....._.-b.-.r....r.r.-..r.r

l..-.l..-.l.t}.....l..._.-..r}........?}..._}..._ b drdr b dr b b & Jrom & Jrok b X

|
I'HIHIH'HHHHHHHHI & &

|
H:H:HHH
i
i
|
M
)
|
|
"
|
A
A o
A
xnx:-:'

M

|

|

M

A
H"HHHHHHHH'H.

HHH?‘HHHHH"H*HHH*HHF

|
A
al_A

o
__ Al
A A
A
A
N
|
Hxlxﬂxxxﬂxﬂﬂﬂxﬂnﬂxxxﬂxﬂx
E N

-,
A

Caal
&“"I.I'.‘.I. .- e E x X

i i

N I

.
H
A
M_M_N
I-I-IH
A_A_A_A
A
MM A A AN AN
H
A
H
A A A M A M N
A
H

EY
Mo A N A N A A A A AN

FY
IHH:HH
N NN

A

A
AN A A
-?d?l

Ml

M M M A M M M A A M A MM
H

A M M o A A A A
PEM M M M MM M MM N KM

o e AR A N A A A AR
M

HEHHHHHHHHHHHHHHHH"
I i!HHHHxHxHxﬂxlﬂﬂaﬂnﬂﬂlnﬂnﬂﬂlxﬂnxn
i xHxiIxHxHxﬂuﬂxﬂxxuﬂxﬂxﬂxﬂxﬂxﬂrﬂvﬂ

L A A A R K R K MK
i i!HHxHxHxH!Hxi!”lxﬂni!”!!!xﬂ”!!ﬂ”‘”

-
N N

A NN N N N
! ?!HHH?E"H"HKH"H?‘HHH"HHHHH"H”HHF
I i!xHHHxﬂ“lxﬂxi!xl!ﬂxlﬂlnﬂxﬂxl!?
E N N NN
X,

Al o o NN
N

AN
Al
M_M
M
Al
Al
RN NN NN N NN
-
Al ]
[ e 2 M M M KX A NN N MM
N
-

[ e o o oo ol i A e
[ e e e e e

U.S. Patent

FIG. 2B



US 10,610,311 B2

Sheet 3 of 4

Apr. 7, 2020

U.S. Patent

600

+ + *+ + + F+ + + F + + F +

1

FIG. 2C



US 10,610,311 B2

Sheet 4 of 4

Apr. 7, 2020

U.S. Patent

& & & & & &k X & & & & & & X & I RN NN NS |
R N ) Ll e LR R N N R NN el o - .
EC a0 0O Al Ll RN X
ECE Ml Bl Ll W d L R A M R e bk R M Mk A
L S e S R Ll P R R R R R N .
o A N N ) LR i e XA
PO 0 3 30 0 A C E B 3 E 0 3 30 0 M MC aC E Mk R NN N X
A AR A A LA R AR AL LR AL R R R A R o« A
. .
L R N 3 A E il al a0l ) LR N N e N oy 3 X A A
WA e A Al Ak a e e e e e e e e e e e Y
R Wl e
L0 0 S aE 0 3 30 0 B M aE aE 0 30 aC a0 PR R R
L) L S s R N R i i
L) L N3 N ) RN
L O N N A L RN N e e
e M e M R M R M e
o i e A MM PR R R
LR ) . o
L ) ;

e

.nHn”axnHﬂﬂ#ﬂﬂﬂﬁﬂ#ﬂ#ﬂﬁﬂ#ﬂ!ﬂﬁﬂ#ﬂl

AL PR BN AL N A

T o o P B P P R B B N R

e e e e e A A A

e

RXERREXXXXXXXRXXR

KRR EREREREREXEXRXXR

R RERXRE XX XR XXX

L ; ; :

REERRERRREREXX XXX XN A A A A A AW

__.".."a"a"a"n"n"a"a"a"n"a“n“n“n" n"n"a"__."n"n"nHanxnnuxnnununwnﬂn”nﬂn”r” A A ae A o e A o A A A A AT )

e e R R e I T I R i ; ; A e oo o oo WL, *

ERXRRERRERERREXRXREXXX A A i i i A A x o iy iy i L

R R R R R R R R R T L A A A A AN, Ll )
EERERRRER XXX XX L A A A A A i A A A A A A A KA N KL, W i e i e e R .
REERRERERREERRRERZ TR R R A A A A A A A A a A e A A e A A AN O A A W e i e ke

EEEEEEERRERTRERX XX o A A A A o A A R L AL L sl sl a3

EREREERRERERERERRRERR L A ) O A N |

EFEFFEFEEERERXXXN EER XXX XXX NN NN X o X X X X XX AR A AN i A A w i

R E R R R R R R i e b A o W

FEEFEEEEEEEREREXR o A N i i .
" R R o a a e a a  a  a a a a ea a e PEp P o .

R R R N o ; i
R R T e e g g g g g gy P, P . )

ala"a"a"a"a i
R o
R .
R Pl a3 P
R E AT R e e .
R " ; F A N ;
na"a“a“ H..H._Ha“x“x"n“n“n"n“a“anan i e H...“.qH.4“._..“.4HtHtHtH.,_.HtHu_.H.,_.H.,_.HkH*H#HkH*H#HkH*H#&kk*&#kﬂ.f o
R N 0 - L e A e T e T T e o T e T Tar e o T T T
R R M P N T R e A B o M o e e o o e o e e e o o
EE LN N FFN X A, L i " rorr E I B & ar e U dp p dr dr dr e dp dp dp dp e dp dr de e e de e de e de e
e e o o o e o o e e A A A I I I I e P P M e
R KRR AR XTI N A A A e A A A A AR AR A, o o e R e e e e e P P P P
A e e .
e ettt ten A Xl S
HHHHHHHHHIIHH N M M N .r.r.._.._.__.__.._.._.._.r.._.r.....-...... ....n -
W W / -

FOE A o A o .
P A A e e ac e e e a0 L N RN
o i FORE Tl A A A A
2 B .lulx o o o o o o o o o o o o o o o Lo oo e )
- - ", FORE I .
" S h o mw o w .w..!lxl. N xnxHxnxnxxxnxnxHxxxnxxxnxxxxxnxxxxxnxxx“x“x
e e e kA R F
B R e qu..! .
L. o .r.....rH.r.._..rH.r.....rH.r.....rH.r.....r.....r.._..r.....r.....r.....r.....r....r........_..r...........r....r....r....r.....r....r”.- -
_.HH.HH.H o Pt M .r”.r .r....r.;..r.;..r....r....r....r....r.;..r.;..r....r.;..r.;..r....r....r....r....rb..r.__il.... ol
JHJHJHP ..............T....r.....t.__..v”.r._...r”k .rH.r......1H.r._....1”..1.....rH.t.__..T....r....r.....T....r....t...........r....r.....T....r.-n.l . - .
an WA A e .............._.._.. dp o i k A r_unu.. .._..................._..r.._..r.....r.....r .r.....r.r.r”.r Finiaft i .r.....r....r....r.....r....r....r.....r............r.....r”.-.-n.... L -
e . a2 li..-_ ek .r.;..r.......l..-..l.....l..-. i ............;..-...;.........r....r”.r....r”.rb..r.r.r .r....r....rH.r.;..rH.r.;..rH.r....r....r....r....rb..rb..r.......b..rb..r....r.__.._ .l.'” o
e _-_.._“__-..4.___...4k.__..q._....q.q”...”...H._..”...”._..H...“.4“4”.4“4“.-”-_”..”...”*”...”&”4.4 y ...H._,.H._..H...H._..H...H...H.r.,_...1H._1k..1H.r.q..1H.rH..1H._1._,...1H.rk._1Hk#tnknkﬂknknkﬂknknkﬂknﬁ-..._ “ sl
i, .
L S T o o L e M F o e o o A S S S N .
P o R o At s a0 T
B o R I el g el o A e T e aea ae e a ae e Ta a  a a  Ta a  a Ta T T Ta T y X
L R L ) o N e
o e o e e a T T e
F o R T T Al el Y L e ol o N o AN}
A N A A e ey N N A A A A S R At
PO I I I S e e i P o Piaial o Sl el e e g g i gty gy
[ & P BN R N N S e I i I B O B R R e R S e ) o
N e il B T g Y
L P el N e o o S S PR e P
A A e s A ot A R, .
L I I e S S i My o Py *x T T e Y
oo  a  aaa  a  a aa a  w a a a a ae a a a a e i . Mt Mol
o T R T R R T R U L T TN I TR I I R T TR ) L N
L I e N N N e e e e
Lo e o o I L I o I oo o o S ol el e T T
L e e el el ol Al al el al T e T e e e e T e e e e T e T e
L P L e A ol s el e e ae T a ae  a a a a ea a  a a a  e a  aT
O I R I T o o T R R R R T T U U I T e I I U
o e e e e e e e e a  a  a  a aat e e e e e e
o e e e e e e e U o o e e o e e e o e e e e T e T e e e e e e T e T T Ty
e a a aa a a aa a aa a aa a aaa a aa al ol
dr i i e T i e e e e By i T e T e T e e T T i i T i T T e i Y e e T e
T R
B R K N A i al
R K g
R N I T P
R K A e e e e o ol ol Al
T I I T T T e el e el gy P gy Py g e e o Y
T T
W A e S e sl el el
B I g e g eyt g o e
N P A N  a al Y Y
I sl s A Al A
A A aa ar  a a  a a a a a aL a alaal Y X Y
o I L s Y Y Y
R s e i e s ! ol A ol
o ’ e et e K
A N N B A N N A K
A A A e e el s e sl el alal sl ol o Al A A AL g
X N N N A ’ A iy AN A
X I T L R e e o g L g P g g P Py g M o g L !
PR A WA T A T T T T i Ty i T T T O i A A A A A e o o e
W R I T I o o g g o Loy o g o L g T g g o !
I A A w e T I VT e i T T T Sl A A A A o X
WA A AU U i i i Ty e iy i it A A A A A A A A il ol >
I i A e A A T e T T T T A o o A A A
I A e U Ui i e i e i e it i o A A A A A A
I T T T P e T e P e T T T  a T a  a  P s a e  a a a a  a a  e a a ae Ta a a e Taa e a a a e a
W e A A I T A o A o Al i P T T T T T T T T T o o o o ol e o o S
U e AT I U i A e e e a  a a a a e Taa ae Ta Ta a a Ta a ae a a  w a
e A A M e M AL ML e A, A A0 PC BB BB AC 3 L A B0 AL u e Pl Pt R P Pt P S o o S,
WA i e
R A e e e e e i
WA A A e T e T e e T e
dr i o i I A T
L AL L I oo e A e e TR e e oK e A K
A x
L e T T X'
R A x
i N B R e i X' .
N Ty
" & L O A i B T ) .
e ool oo oo e ae o ad o ad e oo ol o el N =y
W A I 0 o i T Pl .
VR =y
I o e e e e e e e e K e e . .
. P N B * i
BN o e e x x i .
e T o N Bl
[ [ .
o w nnnnnnannnannnannnananan Hﬂﬂ:ﬂﬁﬂﬂﬂﬂﬂﬂﬂﬁﬂll- -
HHHHHHHHHHEI sy .
ol

FY
~
Y
FY
|

o
>

J H
>,

>,

Al

|

* s ¥ L e N e el s
Ll g N N T e e
ot AN A Cata e e e e e T O A NN N L AL N N N .
.-_._.._- HHFH .-_.....r.r......_......._..__.._ T EREEREREENE NN N .._..-..r......1.__...1.._..._.._....1b.#}.b.}.#l.l.j.l.j.l.}.#}.k}.#}.##k#b.__.._.r .
i A A A L e e S e s .
* E - dr b Jpode b o & 2 b m b b b b bk b & J dodrodp ot e e deode de de drodp o dp o b o dp dp Jp o dr dr B &
i R KR B e N KR K O A T T T T T T T A T T T A A A A N N M N N B AL NN N N .
L) AN R NN e N A M A N
o J
s
X
A
_- e
I I e N " Mo
o e a  a a , N
....q.._..._....._,......_..._..._.....q....._..._....H.._._......_......_...._........._..._...........#........&....._......................&.........&........... X H...”...”...
...H....H.q.._.
i
.
I""....q....__......q
X e N N R N R R e ar arw u a Ta
- dr iy i &k bk L o b bk h kA ko kbl il bh o dod b dedpodedeodoodeodrodeodro dp o dp ok
: L) L I e o
Ea o ol la 2 ay iy i N R N R R R e e s
B & b b bk ok ok kL F R X n el I N e e N e N N
& dr de de dr dr g A e d A kb ™ ES i i o b b b om k om bk ko k ok k k Jo i S od S e dr de deode Jp o de dp de dp o dp o dp o dp dp o dp dp dp O dp Jdr dp b &
Bk N N kN kB e i Ll N N R R I e e e s
L N N A R Ll L T T e N g al  aala  a al a
L N X N A AN ; AR KA A E NN L) L N L A kol o al e il  ak ke
PO o A AN K AR u Ll L R N R T R O e
A N N e ; A Eal N N T N T e g
e a  a  a o o o lilk Pl e e  a T a
I dr drde ke de ol e il ) A e e m m ey R N N N e N N )
iy ir e el e i X A K A K AA A KKK EER ll-.q_.. DR T N N e o o ol ) E 3O
iy dp ey iy e i e iy ) A A N i i L W W a 2 e e e e e e e e e e e e e e e e ey iy iyl e EaC g
iy e el e e e o i ) el N e N ) e ke
I e dr e b dede e e ar A A A A e R N N N N e N ) EE L
a iy iy e X A a a w g A A e e D e L e e T
e dr e e e d e g L A A A D N e e e P ar
i iy e e iy e i e e AR A A A K A A A A K AR A AN E AN N N T o Al el kN el
N NN NN NN o A AN A R e a e e n e e B e e e e e e e e e e e e e e e e e e e e e e e e R M N
U ) L L L A A L " b & & & & & & & & &b & & & & [ N F ol r i r "
H#H.q.r._.._..- e ,*tH...H...H...H...H..." auxurﬂn”rﬂ H ”rH - xx”nux”x”ﬁnﬂ u.r.wr ; .-_“._..”u G e e .._t.__t.rtn 4.._....k.r.._.t.,_.._.u_.t.._.H.,_.tu_.H.,_....#Hu.....*H.,_.HkH.,_.H#H#H..H#H&H..H#H&H#H#H&tﬁ _..tn...“.___n.qn...“
L ke N b T e i i e e L N N o o e N M
M R M R M N N NN A I MM o MR R A NI ML MMM o o, A A N R A A N NN M N N R M A - L M
W a o a e d drdr ke b oa I dr i e e e e e e N A A A ! L N T N N N ol o N M P 0
L A e M A A A A A K A AN A A A A A AL L N e g N o Sl
WAk &Ry dr dr e e ke d g wpdr ey dp ey d e e d e e el e N A N N T N N N N N NN o N
L e N N N M T a a a a A A A A K A A L M o e kA~
dp b e iy e e e e ey e A ey e e e ey e e R e A A LN N N R N N ) e
L N N N N N N N M N A N T w a a a  a a a L Ak kA a ke i ke e el d e ke ke i b % P P
W ir ok e iy e e dp e A e e e e dp e e dr e e i e e e e e e o A A A I A A i i LN N N N N N o e a e a a  a a  a a aa  EEE E el
N e A N A A A A A A A A A A A AL A LA A A A KA L e e a aa  a a a a a  a a aaa aa aa a -
D T I T o O gy e I N T o S o o e My P g ey L N T N N N N N R N N N *
A e N ko kel kbl A A A i ; o i a a  aaE E E aE EaEE .
pdp dp e ey ey e e a0 ey dp e eyl iy iy e e el e N o A A N A N
I N N M N A a a aa a a a a  AX ; N N N N NN N
dr_dr dr e e dp 0 e e dp dp e e dr o dr e dpode e e el i e dr e A i e e Wl N A A i ) ; o N EaE a aE
iy iy iyl i iyl iy e ey il iy e ke sl o A A A A A i ap iyl dr yay apa e i ap dp dy dp dy dpy y dp ie dy d
A e e e e e e e e e e e e e B B R R R R e A Jod d ki A d U e e dp e e e ey de de e e e d ke
e N N A A e A A A A A A ALK, N N N
dp iy ey dp e ap p p e e ey iy e e ey e et e ey e e e e S A A o e e e e e e
Ay dp dr eyl i e e e ey e e eyl e e i e e e e e e e e e e e O A A e e e e e e i ey i e e e ey e
dp drdr e e dp dp e e e dp e e g e e e dr I dr e e d e e e e e e d e e e Bl ol I A A e dr U e dp e e p e e e e e e e e b e a
iyt iy il i iy ey ey e iy iyl iy iy iy e ey e iy e i e e e e e R A i i i dy Ty iy iy g i iy iy iy dp iy el i el
N N e AN
e N N A A A A A K A A KA A L
dp dp ey iy ey e g e e e p e e e ey e e e e e dp e e e e e b e A A i Wy dp e e dp e e e e el ey
iy ip iy iy il i e e e ey e e iy iyl i e e ey e e e iy e O i el e e e e ey e e o i ol i B e b e de de U e e gl e e de g dp 0 el i i iy i e dr e iy dp e e e ke i bk ko
L N e N N NN e R N N e ) Ay dr ey i el e e e e
dy iy i g i iy ey ey e iy iyl i e iy iy e e iy el el iy e ey e e O e o A i i i i ok e e e e b el e e e e e a0 dp bl et iy b dr eyl e A
N N e e B e b R e W e e ke e de e e e Uy e iy iyl i d i e e e dp g e e b d ke ey
e e e T AR A A A A A A, R e kol ok k)
e e dr e ap e iy e e ey i ey iy e e e e e e e e e e e e e e b R e e N A
dy iyl el ke at e eyl iy e e e dt e e ey el e e e i e e e e e e e el N
o A oA b W N Lo A N K . b b h bk b h drdodrodrd i kN & o o & o
" ....H.qH.._.H.qH.._.H.._.H.._.H.._.H...”.4H.4H._..”....H.4H.._.”.qH.qH....H.qH.4”...H.4H.._.H._..”.._.H.4H.._.H....H.qH.._.HkH.._.H.._.H.._.H.._.H...H.._.H...H...H...Hkn...nk...ﬁrt.rk.rtr#.r# ”xrnr”nfv“nrr 4 t.__trt.rtkt.._t.rtkt.rttt.rt.rt.ru...rt.r.._..rt.r.,_.Ht.ru_.H.._..r.,_.Hu_..r.,_.H...Hu..HkH.._.HkH*H#HkH*H#H#H*H#k#H*r#“
e o e ; ; R A Nk N ak a a a  aa a
WP O dp pdp g g e e ey dp ey e e ey dp ey e e i ey e ey e e e ey e iy ; N e el
I I i i T T i T T iy ; ; R e
ol wpe NN D DN e A NN NN A A NN A AN SEIL AL AN NN N NN N ; Al e A Y
dy dp i iy O iy e it iy iy iy iyl e ey e ey e m o dp i e e ey e o e e e
Wegdr O dr b dr 0 dp dp e e iy b dr e e dr i e e e iy e a0 i i Jrodr b ke kN ki N e
l-IIlI" I-.- lH.._. e N D A E N D A E N D o EPE D D S SN ..q.._.“.._.“ ..“.._.H.q N SN N N e ; ; kA ; ; ; e B e N e e N I e N N I JE N N N JE R
N e  a a aE a ; ; ; ! Ik e ke e e e e e il e e de Jp e b N d ke M dr NN d kK d kN N N kK.
B R R R I R N I I N N ) O ol r )
T I I o i e i P e I I It o el g ety i i gty oty i oty
I e de X de o ! I e e e e el e e e e e e e e e e el e e e e e e U e dp de e el
N o o a a a aa a  aa a a ! ! J e de ke e kel e e e el e e de i e bk a d ik e Kk kK Kk kK.
g g g P gy, o, e e e e e e e e e e e e e e e e e e e e e A e kel e e e e e el e e e e e e e ey e U ey e ey ey
dr dr e ey il e e el el e el ey e e ey el e el e e e b e e e
N N N D R e e N D N N D 0 P N D S DN D ; ; N x o ki ke b ke e A e i el e e de e e e e e e e e ey e e e e ek
WP iy dr iy iy i b ddp g ey g i e e e iyl e ey i e i ey A A A A A S e g
T g e e e e e e e e e e e e e e e e e A A i A e e e
M e e N MR e T A N D A N N NN DD NN DE A NN P R R R B B BB e o e et e e N N N NN gt N N N e RN N N RN
" " N N e N N A A w a w e N a aaa a a
o dr dr o a p il e e e e 0 e e i p ey e e e e e e d AL A N A R A A Ll o e e
L) o e e e e e e B p e e e e e e e e e e e e i e U A A A A R A R A N N NN N
i L e o N ks e Nl a a
dp iy dp e ey e iy iy il e e e e dp e eyl e e iy dp e e eyl e A el e e e e e e e e e e e e e e e e ey ey
o N e e N N e e e N
drdr e iy iy i e e e e e e dp dp e e dp e e e e e e i N e
L e ks e
#dr e iy dp iy e e iy dp e e ey dp i e e ey e e e e el e e e g
| 3N ) oy o  E E  a  a  E aE e a a a e e o e o o N N N N
S A N ) L I e e i
Al ek ke Ak b Ak i dr e e dp e dp e e e e dr e e e e e e e i N
A A e e A A A e e e e e e e e e e e i ! A A A A A N N R N RN RN NN
R Ll e ) L ko  al aaE E aE E EE E aE ok a ot ok o o ok
e d Wy dr eyl dp iy ip e Sy ey g i e ey iy e e ey e i e )
. a & L ) e A N X ok Kk K ¥ koK .
e dr L) A e ir S i e dr e dp dp e e p e e e e e e e EERREZRXRX
- a N N Ml MY EEEEXRER X X X 8
ar i dp dp e ey e e eyl e e e g e de dp i e ] ERERRERRERERER XK
Ll ¥ L e e e N N N AN L
T d dp "t dr iy iy iy e e iy dp e e i e i ) s
- k& e ) ; .
ar i . drdr i e dr e e e e i ERRERERERRX ! ! ; A :
v oAk ] e e el W W R . L. k J ) )
Al %xllll-"l-lll- Pl EEEEFEERRERERERRRERRSZ ®E N ¥ 3 & ¥
. xa XXXXERERX FERERRRAXXXXXL XXX .
s FR R R R XX oA X N A M M N AW M N A R R R R R X R A X NN
WK A R N N R X R E R R R W R R R R MR AN WM N A NN o ww ] .
A e T R R P R R M A A A A M A A N
) .
N T |

nal"a"n i
. i .
o H .__.Hu_“ Eﬂunﬂ.ﬂﬂxﬂxﬂ.l.ﬂﬂ.ﬂxxﬂﬁﬂ o,
Col E i iy HHHHHHH | ] E N FEE HIIIHIlIHHHIﬂﬂﬂﬂﬂﬂﬂﬂﬂ!ﬂﬂ!ﬂﬂ#ﬂﬂ!ﬂﬂxﬂ
? HHlHHHH!.HIHIHIHIHHHHHHHHHHHHHHHHHHHHHHHHHHH xR IlIHIlIlIlIlIlIHIlIlIHIHIﬂlﬂlﬂ#ﬂﬂﬂ#ﬂ#ﬂ#ﬂ#lﬂ!ﬂﬂ#! A
IR KX KX MR A A N N N MK KN ERERERERRNEIRERHERX-XR®NESXRSFE NN XK N NN
X EE ER RN N NN MM NMNEREEERER ERERERRESXEERESERE XX N XMEMNNNNN -
JERE R IERIESX TN LN LEENTXRERETHR I R XM R XXX XM & XK X NN NN N
EEFERERERERERESETXXELEEESXLERXEXERENT AR XERXEXEEREEXERXEREEEXENXNENNNNLMN L -
EERERERERRENERENERERRENRESTERERRER®R R ERE X R E®RRERSXR®RESE®R XX XN XN MENN S W
EEEREERERERTITEARETELESRERERES N F I i L )
I"l"I“l"l“I"I“I“I“H“I“H“H“H“H“Hlﬂ“ﬂ“ﬂ“ﬂﬂﬂﬂxxﬂ HHHHHHH x HHHHHHHHHH”H“H”H“H"H“HHH“H”HHH”HHHHH”HH!H.HH HHH.vr. ~, L] 1.rl.rn.r..1.-..r........##i#i“l”'"'”l”l”l.”j.”.—.”.—.“.
MM M A N N N R KRN R NN KN NN KN =, N W W o L = = O Jrodr Jrodr Jrodp 4o dr O dr 4 B A odr
MM A N A oM M M oA N oA M M M oM N M M Jod kb b b kb kb 0ok kb ko 4
A i AN N B N i a a L] Py o - Or 0 0 0 0 0 O & O O b 0 & & k-
_IE N M M MM N N M N N MR ON N NN [ir o b O & 4 0 O & 4 0 & & 4 o0 b A g
x X MR M E MR E R N AL MM NN NN M NN drdrdp b b & bk bk bk ko bk bk odr ko kN
!”HH HHH”H”HHHHHHHHHHHHHHHH!HHHHHRH o ”....H.-..H....H....H#H#H#H#H#H#H#H#H#H#H#”#“.
o I 4 dr dp dp dr dp dp dp 0 g 4 0 brodr &g i
E E A N drodr A g b b O O b b o dr o dr O o0 Ko 4
XM E i r P N N
1 R - ll L N NI N N N |
E g | XX | dp Jr o dr A 0 dr & 0 o Jdr O 0o dr i Jroir
E i Illllllﬂlﬂlﬂlﬂlﬂﬂﬂﬂﬂﬂﬂ x HHHHHH II 5 .__..._..._..._.##k#####k#####k#####k##& L]
S il lIlIlHﬂﬂlﬂﬂﬂxﬂﬁﬂlﬂxﬂuﬂxﬂﬂxﬂﬂﬂ! H i .........-...........-...........-.......r.-...........-.. drodr a0 b Ay
RN ..1....._ ERRE XN XXX 5 ; ; ; ........._..................._.......... M
' ' L] [ ] ] , dr b i b ] A
.._.....H...H...H.r... r.” 2y
.....................-_ o ¥

Ly

X
....qH...H.;H...H...H...H...H.r... :
e
o N N N N
monw AN -
. X od ok koK ko kKoK
dr iy e e i -
e e e
"l O ; .
I"I" * :.”....H...H...H...H...H...H...H...H...H...Hk”#...k......... ru.xunun”x”n”x”xunu “rﬂr” A )
| e dr o dp dp e el e ar ke A A -
» N N N ™ A e a a aa
¥ S B e dr e eyl el ek ol .
T o o i o N A A A
N " B dr dr ey eyl i ey A A A A A i .
' lll-""-_-.I-. g gy e e ke e e g e w a A a  a
R AR By dr i iy eyl i ey AR K A A AR A AWK A MK A A .
LN R R dppdr ey e e ey de e ek A A A X
fatat L, NN NN NN NN INIINH I A0 ; )
e S b de b dr b O b dr e P e e P Pl e P Pl R, o LK o -

FIG. 2D



US 10,610,311 B2

1

VIRTUAL REALITY ADD-ON DEVICE FOR
STEREOTACTIC NEUROSURGERY

FIELD OF THE INVENTION

The 1nvention related to the field of medical devices for
neurosurgery. In particular, the invention concerns an appa-
ratus for the combination of stereotactic neurosurgery with
virtual reality approaches.

BACKGROUND

Stereotactic surgery, or stereotaxy, 1s a mimimally invasive
form of surgical intervention which makes use of a three-
dimensional coordinate system to locate small targets 1nside
the body and to perform on them some action such as
ablation, biopsy, lesion, injection, stimulation, implantation
or radiosurgery (SRS).

Neurosurgeries are usually conducted under general
anaesthesia, but 1n some cases the patient 1s awaken during
surgery to perform live tests that guide the surgeon during
the operation. This 1s for instance becoming a routine
procedure during the implantation of Deep-Brain Stimula-
tors (DBS) for the treatment of essential tremor (E'T) and
Parkinson Disease (PD). In this procedure, one or more
electrodes are placed 1n deep structures of the brain accord-
ing to a preliminary localization performed with brain
imaging. However, a final check 1s performed during the
surgery to fine-tune the electrode placement and avoid
having to re-operate, a practice which 1s generally called
Intraoperative Brain Mapping. In brief, the patient 1s awak-
ened for a few minutes and the surgery team monitors the
tremors on the arm of the patient that become visible as soon
as he 1s awakened: switching the stimulator on should
immediately stop the tremors. Being able to adjust the
location of the electrode while observing the direct effect on
the tremors has the strong advantage of allowing the most
appropriate placement and to ensure a successiul operation.
The same principle applies for ablation and radiosurgery 1n
order to ensure that critical brain areas for important func-
tions are not damaged, for example motor or speech.

Considering the success of DBS on motor disorders, with
over 100 000 patients implanted worldwide 1n 2013, and
based on neurological insight of brain functions, it 1s cur-
rently investigated to apply DBS on patients suflering from
cognitive disorders such as depression, Obsessive Compul-
stve Disorders (OCD), Tourette Syndrome or obesity, as
examples among the mineteen (19) disorders currently being
studied. In these cases, the neurosurgeon cannot rely on a
motor feedback (suppression of motor tremors) to ensure the
successiul placement and ethicacy of implanted electrodes.
The examination shall here be cogmitive and behavioural and
1s harder to test, thus it 1s not currently performed during
surgery.

Virtual reality (VR) technologies are known for their
ability to test cognition, mood, impulsivity, reaction to
stimuli and behaviour, 1n an ecologically valid simulation
context adapted to various neurological conditions. VR can
therefore provide the cognitive and behavioural simulations
required for some new and future use of stereotactic neu-
rosurgery for high level brain functions. VR could for
instance be used to guide the placement of neuro-stimulation
clectrodes during DBS 1mplantation for cognitive and aflec-
tive disorders.

What remains to be done 1s to bring VR simulation for
patients inside the operating room during awake stereotactic
neurosurgery. In particular, head mounted displays to
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immerse patients lying on the operating table are not avail-
able as of today. Accordingly, 1n light of these deficiencies
of the background art, additional and more sophisticated
solutions, devices, and methods for VR for surgical proce-
dures are strongly desired.

SUMMARY

According to one aspect of the present invention, as
described hereinatter together with the accompanying draw-
ings and the appended claims, describes a new device 1s
provided that addresses and solves the limitations of the
background art solutions concerning stereotactic neurosur-
gery.

According to another aspect of the present invention, a
preferred goal 1s to provide a device allowing conducting
cognitive and behavioural tests with VR 1n patients during
awake phases while undergoing neurosurgery. In particular,
a device 1s presented including a virtual reality display
specially engineered for intraoperative use during stereot-
actic neurosurgery. The device i1s designed to {it on the
metallic frame of a stereotactic apparatus, being the part
which 1s fixed on a head of the patient before neurosurgery,
and can be placed and removed quickly and at any time
during surgical operations. Preferably, the device 1s adjust-
able per patient eye-display distance for focus, shape of
patient’s head, and adaptable to diflerent commercial ste-
reotactic apparatuses.

Among other applications, the device of the invention can
allow validating and fine-tuning the placement of deep-brain
stimulation electrodes to treat cognitive disorders, or guid-
ing the neurosurgeon during ablative brain surgery of areas
involving important cognitive functions.

According to yet another aspect of the present invention,
a device 1s provided as a stereotactic add-on. Preferably, the
device mcludes a stereotactic adapter adapted to be fixed to
a stereotactic apparatus, an optical support comprising opti-
cal lenses, and a display support adapted to accommodate a
virtual reality display.

In one embodiment, the device further includes a virtual
reality display located on or within the display support.

According to still another aspect of the present invention,
a stereotactic system 1s provided, including a stereotactic
apparatus operatively connected with the stereotactic add-on
device as described. The stereotactic adapter described
herein 1s configured to adapt to different commercial models
ol stereotactic systems.

According to yet another object of the present invention,
a method for conducting cognitive and/or behavioral tests 1n
a subject during neurosurgery i1s provided. Preferably, the
method 1ncludes the steps of providing a virtual reality
stimulus to the subject during awake phases of neurosurgery
through the stereotactic add-on device or the stereotactic
system.

The above and other objects, features and advantages of
the present invention and the manner of realizing them wall
become more apparent, and the imvention 1tself will best be
understood from a study of the following description with
reference to the attached drawings showing some preferred
embodiments of the mvention.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The accompanying drawings, which are incorporated
herein and constitute part of this specification, illustrate the
presently preferred embodiments of the invention, and



US 10,610,311 B2

3

together with the general description given above and the
detailed description given below, serve to explain features of

the 1nvention.

FIG. 1 shows a side perspective schematic view of an
embodiment of the device, according to one aspect; and

FIGS. 2A to 2D shows several photo views of an imple-
mented embodiment of the stereotactic add-on device as
well as of a stereotactic system including a stereotactic
apparatus operatively connected with the stereotactic add-on
device, with FIG. 2A showing a side view of the stereotactic
add-on device, FIG. 2B showing a view along the viewing
axis, F1G. 2C showing the system from a side perspective
view arranged on a stereotactic frame (Elekta Leksell) as it
would be on a patient, and FIG. 2D showing another view
along the viewing axis.

Herein, 1dentical reference numerals are used, where
possible, to designate 1dentical elements that are common to
the figures. Also, the images are simplified for illustration
purposes and may not be depicted to scale.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENTS

(Ll

The present disclosure may be more readily understood
by reference to the following detailed description presented
in connection with the accompanying figures, which form a
part of this disclosure. It 1s to be understood that this
disclosure 1s not limited to the specific conditions or param-
eters described and/or shown herein, and that the terminol-
ogy used herein 1s for the purpose of describing particular
embodiments by way of example only and 1s not intended to
be limiting of the claimed disclosure.

As used herein and 1n the appended claims, the singular
forms “a,” “an” and “the” include plural referents unless the
context clearly dictates otherwise. Also, the use of “or”
means “and/or” unless stated otherwise. Similarly, “com-
prise,” “comprises,” “comprising,” “include,” “includes™
and “including” are interchangeable and not intended to be
limiting. It 1s to be further understood that where descrip-
tions of various embodiments use the term “comprising”,
those skilled 1n the art would understand that in some
specific 1nstances, an embodiment can be alternatively
described using language “consisting essentially of” or
“consisting of.”

With reference to FIG. 1, a stereotactic add-on device 1
according to one embodiment of the present mvention 1s
shown. The device 1 includes three main components opera-
tively connected between them: a stereotactic adapter 100
configured to be fixed to a stereotactic apparatus (not
shown), an optical support 200 including optical lenses 300,
and a display support 400 adapted to accommodate a virtual
reality display. In the shown embodiment, the three main
components are designed as plate-like elements having a flat
appearance, and are arranged 1n a parallel fashion between
them, 1.e. 1n such a way that their main longitudinal axes run
in parallel. In alternative embodiments, the stereotactic
adapter 100 can be designed and disposed 1n a non-parallel
fashion compared to optical support 200 and display support
400, as long as these two latter elements remain 1n a parallel
configuration. In still an alternative embodiment, the optical
support 200 and display support 400 can have a relative
inclination of a certain degree.

However, as 1t will be evident for a person skilled in the
art, according to another aspect of the present invention, one
aspect 1s related to the relative position between the optical
support 200, the adapter 100 and the display support 400,

which 1s adapted to {facilitate the functional connection
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between optical lenses 300 and a VR display disposed within
the said support 400 when the device 1n use. The optical
support 200 and display support 400 are relatively arranged
in such a way that the optical lenses 300 provide to a user
the correct VR 1mage when functionally connected with a
VR display.

In the frame of the present disclosure, the expression
“operatively connected”, “operatively connecting” and the
like, as well as the expression “functionally connected”,
“functionally connecting” and the like, reflects a functional
relationship between the several components of the device
of the mnvention among them, that 1s, the term means that the
components are correlated 1n a way to perform a designated
function. The “designated function” can change depending
on the different components involved in the connection; for
instance, the designated function of optical lenses function-
ally connected to a VR display 1s the adaptation and cor-
rection of a VR i1mage provided on a VR display to be
suitable for a user’s interpretation. This implies the correct
display on the VR display of stereoscopic images (horizontal
split for left and right eyes) with geometric distortions
compensating for the optical lens distortion.

In preferred embodiments, a frame 500 operatively con-
nects the several components of device 1 among them, so to
tacilitate e.g. their relative positioning. For example, frame
500 can be made of a transversal bar 504 and two or more
rods, bars, or beams 502 that are arranged perpendicularly to
the transversal bar 504, the rods, bars, or beams 502 are
configured to allow a sliding movement of display support
400, optical support 200 and stereotactic adapter 100 rela-
tive to each other. Rods, bars, or beams are arranged to be
substantially parallel to the optical axis of the device 1. For
example, both display support 400 and optical support 200
can have holding elements that engage with the bars, for
example having a round cross-sectional shape, and can be
fastened to the bars with screws 201, 401. The stereotactic
adapter 100, optical support 200 and display support 400 can
be physically fixed to the frame 500 by other means, such as
clamps, springs, engagement bolts, glues, etc., or can 1n
some embodiments form part of the frame 500 1tself. For
instance, 1n one embodiment, as shown in FIG. 1, the
stereotactic adapter 100 forms the bottom part of a frame
500. Preferably, at least one of optical support 200 and
display support 400 are movably fixed to frame 500 so to
casily adjust the distance between a VR display and the
optical lenses 300; for instance, optical support 200 can be
slid along a frame 500 by unscrewing screw(s) 201 and
adjusted 1 height until a suitable distance between VR
display and the optical lenses 300 1s reached. This feature
allows to easily adapt the design of device 1 to different
types of user and focal distance so that a VR 1mage 1s
conveniently provided to a subject.

Optical lenses 300 are accommodated 1n any suitable way
on or within the optical support 200; for instance, said
support 200 can comprise one or more recesses 202 adapted
to hold the lenses, which 1n many advantageous embodi-
ments are two. Lenses 300 used 1n the frame of the present
invention are those commonly used 1n virtual reality
approaches, such as aspheric or Fresnel lenses. The diameter
of the lenses 300 1s adapted to be large enough to accom-
modate with different distances between user’s eyes, or
interpupillary distance, varying slightly from person to
person. Alternatively, the distance between the lenses 300
can be adjusted to match a user’s interpupillary distance, by
c.g. laterally displacing the recesses 202 between them.
Lenses 300 are conceived to focus and reshape the pictures
usually coming from a VR display for each eye, and to create
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a stereoscopic 3D 1mage by angling two 2D 1images to mimic
how each of people’s two eyes independently view. Lenses
300 can have a magnification usually 1n the range of 5 to
20x, and a diameter comprised between 20 and 100 mm,
such as between 30 and 60 mm.

In some embodiments of the invention, device 1 further
comprises a VR display positioned within the display sup-
port 400. In an mmplemented embodiment, a display
retrieved from the VR Oculus V1 helmet has been used
(1280800 resolution). As used herein, a “virtual reality
display” or “VR display” 1s a display device adapted to
provide a virtual reality image or video. Usually, a VR
display has a high resolution (e.g. 1280x800 and above) and
the ability to show stereoscopic imagery, and typically has
one or two small display units such as cathode ray tubes
(CRT), liqmud crystal displays (LCDs), liquid crystal on
silicon (LCos), or organic light-emitting diodes (OLED)
displays. Multiple micro-displays can be used to increase
total resolution and field of view. The enftire system can
comprise further elements adapted to provide e.g. a more
realistic, intense and/or immersive VR experience, such as
for mstance means for eye tracking to measure the point of
gaze, allowing a computer device to sense where the user 1s
looking. This information 1s useful 1n a variety of contexts
such as user interface navigation: by sensing the user’s gaze,
a computer can change the information displayed on a
screen.

The stereotactic adapter 100 1s designed to be movably
and/or removably adapted to a stereotactic apparatus as
many known 1n the art such as the Elekta Leksell Stereot-
actic System® and described e.g. in U.S. Pat. Nos. 6,283,
97’7 and 7,846,116, showing devices for fixation of the head,
these two references herewith incorporated by reference in
their entirety. Adapter 100 can be fixed to a stereotactic
apparatus via any suitable means, such as pins 101 designed
and positioned along the said support to block the entire
add-on device by means of tight adjustment with rubber
contact, or even adhesive or magnetic means.

The entire device, except for the optical lenses 300, can be
manufactured with such materials, and adapted 1n its overall
shape, to compatibly work and fit with various additional
external devices or systems typically used and found in
operating rooms and/or 1n the frame ol neurosurgical opera-
tions, such as e.g. CT scanner, MR systems or Angiograms.

Another object of the present invention relates to a
stereotactic system comprising a stereotactic apparatus
operatively connected with the stereotactic add-on device as
described. In an implemented, non-limiting embodiment of
the system, shown i FIGS. 2A to 2D, the stereotactic
add-on device of the invention has been operatively coupled
to an Elekta Leksell Stereotactic System® by connecting the
stereotactic adapter 100 via pins 101 to a device for fixation
of the head 600 as the one described in U.S. Pat. No.
7,846,116. In particular, frame 500 through its stereotactic
adapter portion 100 1s screwed to two of the four pin support
members 610 of the device for fixation of the head 600, at
the level of the elongated through slot of the frame part 620
attachment portions thereof. Thanks to this expedient, the
stereotactic adapter 100 can be easily adjusted by moving it
along the longitudinal direction of the device for fixation of
the head 600, and fixed with pins 101 1n order to adapt the
device 1 to the specific conditions associated with each
patient 700.

As 1t will be evident, one aspect of the present invention
relates to the use of the stereotactic add-on device or the
stereotactic system as described for conducting cognitive
and/or behavioral tests 1n a subject during awake phases of
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neurosurgery through virtual reality. A method for perform-
ing such tests 1s also envisaged by the present invention,
characterized 1n particular by the fact of comprising a step
of providing a virtual reality stimulus to a subject during
awake phases of neurosurgery through the stereotactic add-
on device or the stereotactic system of the invention.

In a non-limiting embodiment of this aspect of the mnven-
tion, the method of the ivention foresees an improved
procedure and clinical outcomes by combining the possibil-
ity of performing cognitive and/or behavioral tests with deep
brain stimulation (DBS) 1n subjects with disorders associ-
ated with the brain. As used herein, the term “disorder
associated with the brain™ and “brain disorder” 1s meant to
encompass all disorders (or symptoms thereof) that originate
in the brain or other parts of the body, which can be affected
by electrical stimulation of cells or target regions within the
brain. For example, studies have associated particular areas
of the brain with a variety of conditions including move-
ment-related disorders; disorders with a psychiatric compo-
nent such as depression, aflective disorder, anxiety disor-
ders, bipolar disorder, obsessive compulsive disorder
(OCD), manias, phobias, eating and vomiting disorders and
the like, for example psychiatric disorders, obesity; memory
disorders; and disorders involving pain such as migraines.
Accordingly, the method of the present invention can be
advantageously used for treating the above-listed disorders,
particularly psychiatric ones. As used herein, “treatment”,
“treating” and the like generally refers to any act intended to
ameliorate the health status of patients such as therapy,
prevention, prophylaxis and retardation of the disease. In
certain embodiments, such term refers to the amelioration or
cradication of a disease or symptoms associated with a
disease. In other embodiments, this term refers to minimiz-
ing the spread or worsening of the disease. The effect may
be prophylactic in terms of preventing or partially prevent-
ing a disease, symptom or condition thereol and/or may be
therapeutic 1 terms of a partial or complete cure of a
disease, condition, symptom or adverse eflect attributed to
the disease.

Also, the term “treatment” as used herein covers any
treatment of a disease in a mammal, particularly a human,
and 1ncludes: (a) preventing the disease from occurring 1n a
subject which may be predisposed to the disease but has not
yet been diagnosed as having it for example based on
familial history, overweight status or age; (b) inhibiting the
disease, 1.¢., arresting its development; or (¢) relieving the
disease, 1.e., causing regression ol the disease and/or its
symptoms or conditions such as improvement or remedia-
tion of damage.

DBS 1s an advanced neurosurgical procedure typically
performed by a clinical team including neurologists, neuro-
surgeons, neurophysiologists and other specialists trained 1n
the assessment, treatment and care of neurological condi-
tions. Briefly, following selection of an appropriate patient
and determination of the brain region to be targeted, precise
placement of an electrode or lead in the patient’s brain 1s
carried out in an operating room setting, typically utilizing
advanced brain 1imaging technology and stereotactic target-
ng.

Lead implantation may take place under local anesthesia
or with the patient under general anesthesia (“asleep DBS”).
A hole about 14 mm 1n diameter 1s drilled 1n the skull and
the probe electrode 1s iserted stereotactically. During the
awake procedure with local anesthesia, feedback from the
patient 1s used to determine the optimal placement of the
permanent electrode. During the asleep procedure, mtraop-
erative Mill guidance 1s used for direct visualization of brain
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tissue and device. The 1nstallation of the IPG and extension
leads occurs under general anesthesia.

The use of the stereotactic add-on device or the stereot-
actic system according to the invention would help neuro-
surgeons 1n the above-mentioned awake phase in those
scenarios 1 which e.g. DBS implantation 1s performed to
address psychiatric disorders: during or immediately after
implantation and/or activation of the electrode leads, a
patient undergoing the surgical procedure could be exposed
while awake to virtual reality stimuli adapted and tailored
depending on the needs and circumstances. As a way of
example, once the patient awake, a DBS could be activated
and the patient exposed to an immersive VR scenario 1n
which VR stimuli are provided, those stimuli replicating for
instance typical situations reproducing a sense of anxiety,
phobia, or triggering targeted behaviour associated to the
disorder of the patient. Through these behavioural/cognitive
tests, the neurosurgeon would be able to assess the good
outcome of the surgery, tailoring the electrical stimulation,

better defining the positioning of a DBS electrode and the
like.

While the mvention has been disclosed with reference to
certain preferred embodiments, numerous modifications,
alterations, and changes to the described embodiments, and
equivalents thereol, are possible without departing from the
sphere and scope of the invention. Accordingly, 1t 1s intended
that the invention not be limited to the described embodi-
ments, and be given the broadest reasonable interpretation in
accordance with the language of the appended claims

The invention claimed 1s:

1. A stereotactic add-on device to be fixed to a head
fixation device of a stereotactic apparatus comprising;:

a stereotactic adapter having a frame, the stereotactic
adapter configured to be fixed to the head fixation
device;

an optical support having a pair of optical lenses attached
to the stereotactic adapter; and

a display support attached to the stereotactic adapter, the
display support configured to accommodate a virtual
reality display,

wherein the optical support and the display support are
movably fixed to the frame, and

wherein the frame 1s configured so that the optical support
can slide along the frame to adjust a distance between
the display support and the pair of optical lenses.

2. The stereotactic add-on device of claam 1, further

comprising;

a virtual reality display located on or within the display
support.

3. The stereotactic add-on device of claim 1, further

comprising;

a fixation device configured to fix a position of the optical
support and the display support along the frame.

4. The stereotactic add-on device of claim 1, wherein the
frame 1s configured to be attached to at least one pin support
member of the stereotactic apparatus.

5. A stereotactic system comprising a stereotactic appa-
ratus operatively connected with the stereotactic add-on
device of claim 1.
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6. A method for conducting cognitive and/or behavioral
tests 1n a subject during neurosurgery, comprising the step of
providing a virtual reality stimulus to the subject during
awake phases ol neurosurgery through the stereotactic add-
on device of claim 2.

7. The stereotactic add-on device of claim 2, wherein each
optical lens 1s configured to focus and reshape pictures from
the virtual reality display for a corresponding eye of a patient
to which the head fixation device 1s athxed to.

8. The stereotactic add-on device of claim 1, wherein each
optical lens includes a fresnel lens.

9. The stereotactic add-on device of claim 1, wherein each
optical lens includes an aspheric lens.

10. The stereotactic add-on device of claim 1, wherein
cach optical lens has a magnification 1n a range between 5x
to 20x and a diameter 1n a range between 20 mm and 100
mm.

11. The stereotactic add-on device of claim 2, wherein the
stereotactic adapter and the frame provide for a fixed posi-
tional relationship between the optical lenses and the virtual
reality display.

12. A stereotactic add-on device to be fixed to a head
fixation device of a stereotactic apparatus comprising:

a stereotactic adapter configured to be fixed to the head

fixation device;

an optical support having a pair of optical lenses attached
to the stereotactic adapter;

a display support attached to the stereotactic adapter, the
display support configured to accommodate a virtual
reality display; and

a virtual reality display attached to the display support,

wherein each optical lens 1s configured to focus and
reshape pictures from the virtual reality display for a
corresponding eye ol a patient to which the head
fixation device 1s athxed to.

13. A method for conducting cogmitive and/or behavioral
tests 1n a subject during neurosurgery, comprising the step of
providing a virtual reality stimulus to the subject during
awake phases of neurosurgery through the stereotactic add-
on device of claim 12.

14. A stereotactic add-on device to be fixed to a head
fixation device of a stereotactic apparatus comprising;:

a stereotactic adapter having a frame, the stereotactic
adapter configured to be fixed to the head fixation
device;

an optical support having a pair of optical lenses attached
to the stereotactic adapter; and

a display support attached to the stereotactic adapter, the
display support configured to accommodate a virtual
reality display,

wherein the optical support and the display support are
movably fixed to the frame, and

wherein the stereotactic adapter and the frame provide for
a fixed positional relationship between the optical
lenses and the virtual reality display.
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